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NEW GENERAL ATLAS op 

FIFTY-THREE MAPS, with the 
Divisions and Boniidaries carefully 
coloured; constructed entirely from 
New Drawings, and engraved by Sid¬ 
ney Hall. In Seventeen Parts, any 
I of which maybe had separately, lOs.dd. 
each. 

Folded in half, bound in 1. s. d. 
cloth.8 18 6 

Ditto half-bd. in Russia 9 9 0 

In the full size, half-bd. 
in Russia.10 0 0 

Ditto, Proofs on India 
paper, hf.-bd. Russia 14 5 0 

** We have taken some pains to ex¬ 
amine this new Atlas, and we can safely 
tate our conviction of its general supe- 
*^iority to all other Atlases.”— Sphynx 
Conducted by J.S-Buckingham, Esq.). 

“ The best and most recent autho¬ 
rities are in all cases consulted, and 
the maps are engraved in a masterly 
manner.” —New Monthly Mag. 

For other favourable opinions of this 
Atlas, references may be made to the 
Literary Gazette, Gentleman’s Maga¬ 
zine, John Bull, Atlas, Globe, &c. 

ALPHABETICAL INDEX of all 
the NAMES contained in the above 
ATLAS, with references to the Number 
of the Maps, and the Latitude and Lon- 
I gitude in which the Places are to be 
found. Royal Svo. 218. in cloth. 

I The Proprietors, being desirous of 
I rendering the Atlas the most perfect 
; of its kind extant, supply this volume 
at the cost price. 


SYSTEM OF UNIVERSAL GEO¬ 
GRAPHY. By M. Malte Brun, 
Editor of the ** Annales des Voyages.” 

9 vols. Svo. Parts 1 to 17 are pub¬ 
lished ; 73- 6d. each. 

“The translators of Malte-Brun’s 
Geography have done good service to 
the public, by rendering so valuable a 
work accessible to the English reader.” 
^Edinh. Review. 

** Superior to any thing of its class 
which has ever appeared.”— Lit. Gaz. | 

Part XVIII. will conclude the ninth j 
and last volume, which will contain the 
Description of England, Scotland,! 
and Ireland, and a General Index. 
The department of Great Britain has 
been entirely re-written for the English 
Edition, on a scale commensurate with 
the importance which the English 
reader attaches to this portion of Geo¬ 
graphy. The Index is so constructed 
as to be a complete Table of Reference 
to the whole work, while it forms an 
extensive and useful Gazetteer. 

EDINBURGH GAZETTEER, or 
COMPENDIOUS GEOGRAPHI¬ 
CAL DICTIONARY, forming a com¬ 
plete body of Geography, Physical, 
Political, Statistical, and Commercial. 
Abridged from the larger work. 2nd 
Edit, in 1 large vol. 8vo. with an Ab-^ 
stract of the Population Return of 
1831, and Maps, 18s. bds. 

As an Accompaniment to the 
above Gazetteer, 

NEW GENERAL ATLAS, con¬ 
structed by A. Arrowsmith, Hydro- 
grapher to the King, from the latest 
Authorities; in 54 Maps, including 
recent Discoveries. Royal quarto, 36s. 
hf-bd.; coloured, 21. 128. 6d. 






















Valuable Standard Works, printed for 


HISTORY AND BIOGRAPHY, 


ARCHDEACON COXe’s HISTORICAL AND BIOGRAPHICAL WORKS. 


MEMOIRS OP THE ADMINIS¬ 
TRATION OF THE Right Hon. 
HENRY PELHAM, collected from 
the Family Papers, and other Au¬ 
thentic Documents. By the Rev. W. 
CoxE, M.A. F.R.S. F.S.A. Arch¬ 
deacon of Wilts. In2 vols.dto. with 
Portraits, 51. 5s. 

A few Copies are printed on large 
paper, uniform with the Author’s pre- 
j ceding Works, price lOl. 10s. bds. 

I 

i MEMOIRS OF JOHN, DUKE of 
MARLBOROUGH. In 6 vols. 8vo. 
with an Atlas, 51. 5s. 


MEMOIRS OF HORATIO LORD 
WALPOLE. 3d Edit. In2vols. 8vo 
11. Gs. 

MEMOIRS OF THE KINGS of 
SPAIN of THE HOUSE of BOUR¬ 
BON, from the Accession of Philip 
the Fifth to the Death of Charles the 
Third, 1700—1788. 2d Edit. In 5 vols. 
8vo. 31. bds. 

HISTORY of the HOUSE of 
AUSTRIA, from the Foundation of 
the Monarchy, by Rodolph of Haps- 
bnrgh, to the Death of Leopold II. 
1218 to 1792. 5 vols. 8vo. Price 

31. 13s. 6d. bds. 


MR. SHARON TURNER S HISTORY OF ENGLAND, 


HISTORY OF ENGLAND, from 
the earliest Period to the Death of 
Elizabeth. Sharon Turner, 

F.A.S. R.A. S. L. In 12 vols. 8vo. 
Price 81. 3s. bds. 

Also liiay be had, by th'e same 
Author, separately, 
HISTORY OF THE ANGLO- 
SAXONS, comprising the History of 
England from the earliest Period to 
the Norman Conquest. 5th Edit. 3 
vols. 8vo. 21. 5s. bds. 


REIGNS OP EDWARD VI., 
MARY, AND ELIZABETH. 2d Edit. 
2 vols., 8vo. 11. 12s. bds. 

HISTORY OF ENGLAND, 
DURING THE MIDDLE AGES; com¬ 
prising the Reigns from William the 
Conqueror to the Accession of Henry 
VIII., 3d Edit. 5vols. 8vo. Price 31. 
boards. 

HISTORY OF THE REIGN op 
HENRY THE EIGHTH. 3d Edit. 
2 vols. 8 VO. 11. 6s. boards. 


HISTORY of CHARLEMAGNE; 
with a Sketch of the State and History 
of France from the Fall of the Roman 
Empire to the Rise of the Carlovingian 
Dynasty. By G. P. R. James, Esq. 
8vo. with Portrait, 16s. bds. 

*‘This Life is the beginning of a 
great undertaking; and we do not wish 
more than that the work should conti¬ 
nue as it has commenced .”—Literary 
Gazette^ 

SACRED HISTORY of the 
WORLD, from the Creation to the 
Deluge, attempted to be philosophically 
considered, in a Series of Letters to 
a Son. By SHARON TURNER, 
F.S.A. 8vo. 3d Edition. 14s. bds. 


HISTORY OF THUCYDIDES; 
translated into English, with Annota¬ 
tions, &c. 3 vols. 8vo. with Maps, 

&c. 21.5s. By the Rev. S. T. Bloom- 
FIELD, D. D., Vicar of Bisbrooke; Au¬ 
thor of Recensio Synoptica Annota¬ 
tion is Saerse,” and Editor of Thucy¬ 
dides, in the Original. 

** A version as literal and as perspi¬ 
cuous as erudition and industry com¬ 
bined can render \t**—Eclectic Revieve, 

HISTORY OF THE REIGN 
OF GEORGE III. By Robert Bis- 
SETT, LL.D., Author of “The Life of 
Burke,” &c. &c. A new edition, com¬ 
pleted to the Death of the King, 6 vols. 
8vo. Price 31. 3s. boards. 
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HISTORY AND BIOGRAPHY, CONTINUED. 


LIFE AND DEATH of LORD 
EDWARD FITZGERALD. By T. I 


MEMOIRS OF THE COURT and 
CHARACTER OF CHARLES I. By 
Lucy Aikin. 2 vols. 8yo. with Por¬ 
trait, 28s. bds. 

MEMOIRS OF THE COURT of 
QUEEN ELIZABETH. By Lucy 
Aikin. 2 vols. 8vo. with Portrait, 
6th Edit. 25s. hds. 

MEMOIRS OF THE. COURT of 
JAMES 1. By Lucy Aikin. 2 vols. 
8vo. 3d Edit. 24s. bds. 

ANNALS of THE REIGN of 
GEORGE THE THIRD. By John 
Aikin, M.D. In 2 vols. 8vo.; a new 
Edition, brought down to the Period 
of his Majesty’s decease. 25s. bds. 

MEMOIRS AND CORRESPOND. 
ENCE OF THE LATE SIR JAMES 
EDWARD SMITH, M.D. F.R.S. 
President of the Linnaean Society,&c. 
&c. Edited by L\dy Smith. 2 vols. 
8vo., Portrait and Plates, 31s. 6d. bds. 

MEMOIRS OP the LIFE of SIR 
WALTER RALEGH. By Mrs. A. T. 
Thomson, Author of “ Memoirs of 
Henry VIII.” 8vo. with Portrait, 
143. bds. 

LIFE and pontificate of 
GREGORY VII. By Sir Roger 
Greisley, Bart. F.A.S. 8vo. I2s. bds. 

HISTORY OF ROMAN LITERA- 
TURE, from Its Earliest Period to 
the end of the Augustan Age. By John 
Dunlof, Esq. 3 vols. 21. 7s. 6d. bds. 

By the same Author, 

HISTORY OF FICTION. 3 vols. 
post 8vo., 21.2s. boards. 


Moore, Esq. 2 vols. post 8vo. with a ' 
Portrait, 3d Edition, 21s. bds. 

HISTORY OF the CRU¬ 
SADES, FOR THE Recovery and 
Possession of the HOLY LAND. 
By Charles Mills, Esq. In 2 vols. 
8vo. 4th Edit, with a Portrait and 
Memoir of the Author. Price ll. 5s. 
By the same Author, 
HISTORY OF CHIVALRY, or 
KNIGHTHOOD and its TIMES.' 
2d edit, in 2 vols. 8vo. price 11.4s. bds. ' 

LIFE OF FREDERIC the | 
GREAT, KING of PRUSSIA. By' 
Lord Dover. 2 vols. 8vo. with Por- 1 
trait, 2d edit. 28s. bds. I 

POLITICAL LIFE of the I 
Right Hon. GEORGE CANNING. I 
By A. G. Stapleton, Esq. 3 vols. i 
8vo. 2d Edition, with the Part omitted , 
in the first. 38s. bds. The additions ! 
separately, to complete the first edit. 5s. , 

MEMOIR OF the LIFE, I 
WRITINGS, AND CORRESPOND-! 
ENCE OF JAMES CURRIE, M. D., ' 

F. R. S., of Liverpool. Edited by his ! 
Son, William Wallace Currie.— i 
2 vols. 8vo. widi Portrait, 28s. bds. | 

ANNUAL BIOGRAPHY and! 
OBITUARY, for 1833, forming Vol. 
XVII.; containing Memoirs of Rev. 

G. Crabbe; Sir W. Scott; Sir. J. 
Mackintosh; Miss A. M. Porter; Dr. 
A. Clarke; C. Butler, Esq.; J. Ben- 
tham. Esq.; &c. &c. 15s. bds. 

Also, Vols. 1 to 16, 15s. each. | 


MR. T. F. HUNT^S ARCHITECTURAL WORKS. 


HINTS ON PICTURESQUE DO¬ 
MESTIC ARCHITECTURE; in a 
Series of Designs for Gate-Lodges, 
Gamekeepers'Cottages, &c. 4to. 218. 
bds.; India Proofs, 31s. 6d. 


ARCHITETTURA CAMPESTRE; 
displayed in Lodges, Gardeners’ 
Houses, &c. la Twelve Plates, with 
descriptive Letterpress, in Royal 4to. 
21s. bds.; India Proofs, 31s. 6d. 


EXEMPLARS of TUDOR AR¬ 
CHITECTURE, adapted to Modern 
Habitations: with illustrative Details, 
selected from Ancient Edifices; &c. 
Royal 4to. with 37 Plates, 21.2s.; India 
Proofs, 31.3s. 


DESIGNS FOR PARSONAGE- 
HOUSES, ALMS-HOUSES, &c. In 
Twenty-one* Plates, with descriptive 
Letter-press, in Royal 4to. 21s. bds.; 
India Proofs, 31s. 6d. bds. 
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Valuable Standard TVorJcs, printed for 


TRAVELS, VOYAGES, TOPOGRAPHY, &c. 


AMERICA and the AMERICANS. 
By a Citizen of the World. 8vo. 
128. bds. 

“We hail with pleasure the per¬ 
formance before us, as, by the sound 
judgment and impartiality which it 
displays, we at once confide in the 
statements it contains.’*— Month, Rev. 

\ SIR EDWARD SEAWARD’S 
I NARRATIVE OF HIS SHIPWRECK, 
AND CONSEQUENT DISCOVERY 
OP CERTAIN ISLANDS in the 
CARIBBEAN SEA. With a Detail 
of many Extraordina^ and Highly- 
interesting Events in his Life, from the 
year 1733 to 1749, as written in his own 
Diary. Edited by Miss Jane Porter. 
2d edit. 3 vols. small 8vo. 21s. bds. 

“ The most curious and instructive 
work that has appeared since the first 
dawn of discovery, and in the history 
of navigation.”—iS^eefafor. 

NARRATIVE of a NINE 
MONTHS’ RESIDENCE in NEW 
ZEALAND, in 1827; together with a 
Journal of a Residence in Tristan 
d’Acitnha, an island centrically situ¬ 
ated between South America and the 
Cape of Good Hope. By Augustus 
Earle, Draughtsman to His Majesty’s 
Discovery Ship *‘the Beagle.” 8vo. 
with Engravings. 138.’boards. 

“ One of the most extraordinary 
narratives of personal adventure which 
have fallen within our observation for 
some time.”— Monthly Review, 

GUIDE to all the WATERING 
AND SEA-BATHING PLACES, in- 
, eluding the Scotch Watering Places; 

I containing full and accurate Descrip- 
j tlons of each Place, and the Environs. 

I With a Description of the Lakes, and 
a Tour through Wales. In a thick 
18mo. volume, illustrated by 94 Views 
and Maps, price 15s. bound. 

ORIGINAL PICTURE of 
LONDON, corrected to the present 
time; re-edited, and mostly written, by 
J. Britton, F. S. A. &c. With up- 
. wards of 100 Views of Public Build- 
' ings, a large Plan of all the Streets, &c. 
of the Metropolis and Suburbs, a Map 
of the Country twenty miles round 
{London, and a Plan of the Situation of 
jthe Squares, Public Buildings, &c. 9s.; 
with the Maps only, Gs. bound. 


TRAVELS IN THE UNITED 
STATES AND CANADA. With an 
Essay on the Natural Boundaries of 
Empires. By J. Finch, Esq. C, M. 
Nat. Hist. Soc. Montreal, &c. &c. 
8vo. 12s. bds. 

JOURNAL OF A RESIDENCE in 
GERMANY, written during a Pro¬ 
fessional Attendance upon their present 
most gracious Majesties, during their 
Visits to the Courts of that Country in 
1822,1825, and 1826. By W. Beattie, 
M. D. &c. 2 vols. post 8vo. 21s. bds. 

** Replete with novel and amusing 
topics.” —New Monthly Mag. , 

TRAVELS IN PALESTINE, 
through the Countries of Bash an and 
Gilead, East of the River Jordan; 
including a visit to the Cities of Geraza 
and Gamala, in the Decapolis. By J. 
S. Buckingham, Esq. 2 vols. 8vo. 
2d Edition, with Maps, Plates, and 
Vignettes, 31s. 6d. Bds. 

“ Mr. Buckingham is a very clever, 
observant, and meritorious traveller.” 
—Eclectic Review. 

TRAVELS IN RUSSIA, and a 
Residence at St. Petersburg!! and 
Odessa, in the Years 1827-29; intended 
to give some account of Russia as it 
is, and not as it is represented to be. { 
By E. Morton, M.B., &c. 8vo, 14s. 

NARRATIVE of a TOUR 
through the MOREA, giving an 
Account of that Peninsula and its 
Inhabitants. By Sir W. Gell. 8vo. 
with Plates, &c. 15s. bds. 

RECOLLECTIONS of the PENIN- 
SULA, containing Sketches of the 
Manners and Character of the Spanish 
Nation. 8vo. 5th Edit. 10s. 6d. bds. 

“ It is scarcely possible to open the 
book without seeing useful and lively 
remarks, or descriptions indescrib¬ 
ably descriptive.**—Monthly Review, 
By the same Author, 

SKETCHES OF INDIA. By a 
Traveller. For Fire-side Travellers 
at Home. 8vo. 4th Edit. 98. bds. * 

NOTES and REFLECTIONS 
DURING aRAMBLE IN GERMANY. 
New Edition. 8vo. 128. bds. 

SCENES AND IMPRESSIONS in 
EGYPT AND ITALY. 8vo. 3d Edit. 
12s. bds. 
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MR. LOUDON'S WORKS ON GARDENING 
AGRICULTURE, &c. &c. 

ENCYCLOPAEDIA of AGRI¬ 


CULTURE ; comprising the Theory 
and Practice of the Valuation, Trans¬ 
fer, Laying-out, Improvement, and i 
Management of Landed Property; the 
Cultivation and Economy of the Animal 
and Vegetable Productions of Agricul¬ 
ture ; a General History of Agriculture ; 

' a Statistical View of its Present State, 

1 &c. 1 large vol. 8vo. new edition, 
with upwards of 1100 Engravings on 
Wood, 21.10s. bds. 

I ENCYCLOPAEDIA of PLANTS; 
comprising the Description, Specific 
i Character, Culture, History, &c. of 
I all the Plants Indigenous, Cultivated 
, in, or Introduced into Britain. One 
, large vol. 8vo., with nearly 10,000 
I Engravings on Wood, 41.14s. 6d. bds. 

i encyclopaedia OF COTTAGE 
'farm, and villa ARCHITEC- 
|TURE; illustrated by Designs of 
Cottages, Farm Houses, Farmeries, 
Villas, Country Inns, Public Houses, 
Parochial Schools, &c. including their 
interior Finishing and Furniture, 
accompanied by Critical Remarks, 
&c. with upwards of 2000 Wood En¬ 
gravings, and nearly 100 Plates. In 
12 parts, 6s. each; or in 1 large vol. 
31. bds. 


encyclopaedia of GARDEN¬ 
ING ; comprising the Theory and 
Practice of Horticulture, Floriculture, 
Arboriculture, and Landscape Garden¬ 
ing. 1 large vol. 8vo. with upwards of 
700 Engravings on Wood, 21. bds. 

HORTUS BRITANNICUS: A 
Catalogue of all the Plants Indigenous, 
Cultivated in,orIntrodnced intoBritain. 
Part 1. The Linnaean Arrangement, 
In which nearly 30,000 Species are 
enumerated; with an Introduction, &c. 
Part II. The Jussieuean Arrangement 
of nearly4000 Genera; with an Intro¬ 
duction, &C.8VO. with 1st addit. Suppt. 
23s. 6d. Suppt. separately, 2s. 6d. 

GARDENER’S MAGAZINE, and 
REGISTER OP RURAL and DO¬ 
MESTIC IMPROVEMENT. With 
Wood Engravings. Nos. 1 to 45,3s. 6d. 
each. (Continued every Two Months). 
Vols. I. to VIII. may be had in bds., 
price 71.3s. 6d. 

MAGAZINE OF NATURAL HIS- 
TORY, AND JOURNAL of ZOO- 
LOGY, BOTANY, MINERALOGY, 
GEOLOGY, AND METEOROLOGY. 
With Wood Engravings. Nos. 1 to 
34, 3s. fid. each. (Continued every 
Two Months.) Vols. I. to V. may be 
had in bds., price 61. 6s. 


MISCELLANEOUS. 


LECTURES ON POETRY and 
GENERAL LITERATURE, deli- 
vered at the Royal Institution, in 1130 
and 1831. By James Montgomeky, 
Author of “The World before the 
Flood,” &C.&C. PostSvo. lOs.fid. bds. 

“ The style of these Lectures is ex¬ 
quisitely beautiful.” —Monthly Review. 

“ The entire volume will to genuine 
lovers of poetry be replete alike with 
instruction and delight.”— Eclec. Rev. 

TREATISE ON HAPPINESS; 
consisting of Observations on Health, 
Property, the Mind, and the Passions; 
with the Virtues and Vices, the De¬ 
fects and Excellencies of Human Life. 
2 vols. post 8vo. 21s. bds. 

“ There is a great deal of excellent 
sense in this expansive treatise; it is 
clear, unexceptionable, and amusing.” 
Literary Gazette. 


TRAVELS OF AN IRISH GEN¬ 
TLEMAN in search of a RELIGION. 
With Notes and Illustrations by the 
Editor of “Captain Rock’s Memoirs.”^ 
2 vols. fcap. 8vo. 2d edition, 18s. bds. 

“These volumes are amongst the 
most interesting records of which the 
operations of the human mind ever 
formed the theme .”—Monthly Review. 

BIBLIOTHECA CLASSICA: a 
CLASSICAL DICTIONARY, on a 
plan entirely new. By J. Dymock, 
LL. D. and T. Dymock, M.A. The 
quantities of the proper names are 
marked thronghout the work, the in¬ 
flexions and genders are pointed out, 
and the adjectives and other deriva¬ 
tives subjoined. 1 large vol. 8vo. 16s. 

SERIES OF COMPOSITIONS, to 
ILLUSTRATE HESIOD. By Pro¬ 
fessor Flaxman. Folio 21. r2s.fid. 
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Valuable Standard Works, printed for 


MR. BRITTON’S ARCHITECTURAL WORKS. 


DICTIONARY of the ARCHI¬ 
TECTURE AND ARCHAEOLOGY op 
THE MIDDLE AGES ; including the 
Words used by Old and Modern Au¬ 
thors, in treating of Architectural and 
other Antiquities, &c. Part I., with 
12, and Part II, with 10 Engravings, 
by J. Le Kedx. The volume will 
contain at least 40 Engravings, and be 
completed in Four Parts. Price, royal 
8vo, 12s. each ; medium 4to. 2Is.; im- 
^ perial 4to. 31s. 6d. Prospectuses may 
be had of the Publishers. 

By the same Author, 

PICTURESQUE ANTIQUITIES 
OP THE ENGLISH CITIES ; contain¬ 
ing 60 Engravings by Le Keox, &c., 
and 24 Woodcuts of Ancient Build¬ 
ings, Street Architecture,-Bars, Castles, 
&c., with Historical and Descriptive 
Accounts of the Subjects, and of the 
characteristic Features of each City. 
By John Britton, F.S.A., &c. In 
1 vol. elegantly half bound, price 71. 4s. 
medium 4to.; 121. imperial 4to., with 
Proofs of the Plates. 

HISTORY AND ANTIQUITIES 
op bath ABBEY CHURCH, with 
10 Engravings, by J. and H. Le 
Keux. Royal 8vo. 11.; med. 4to. 
11.11s. 6d.; imp. 4to. 21. 2s. 

ARCHITECTURAL ANTI¬ 
QUITIES op GREAT BRITAIN. 
In 4 vols. med. 4to. 211,; or imp. 4to. 
321. half bound. 

CHRONOLOGICAL AND HISTO- 
B.ICAL ILLUSTRATIONS of the 
ANCIENT ARCHITECTURE op 
GREAT BRITAIN. By J. Britton, 
F.S.A. &c., price 61.12s. small paper, 
and Ill. large paper. 

^ ♦** To correspond with the **Archi¬ 

tectural Antiquities,'* of which this 
work forms the Fifth Volume. 

The Architectural Antiquities 
may be purchased in separate Parts, 
in boards: Parts I. to X. 21. 2s. each ; 
Parts XI. and XII. 21. 8s. each ; and 
Part XIII., which completes the Fifth 
Vol., or Chronological Scries, 11. 16s. 


CATHEDRAL ANTIQUI¬ 
TIES OP ENGLAND; or, an Histo- 
rical, Architectural, and Graphical 
Illustration of the English Cathedral 
Churches. Price 12s. per No. in med. 
4to.; and 11. in imperial 4to.; 52 Nos. 
are already published. Each size to 
class with the Architectural Antiqui¬ 
ties of Great Britain. 

The following are complete, and may 
he had separately, viz.: 

Salisbury Cathedral, 31 Engrav¬ 
ings, med. 4to. 31. 3s; imp. 4to. 51.5s. 

Norwich, with 25 Engravings, med. 
4to. 21. 10s.; imp. 4to. 41. 4s. 

Lichfield, with 16 Engravings, med. 
4to. 11. 18s.; imp. 4to. 31. 3s. 

York, with 35 Engravings, med. 4to. 
31. 15s.; imp. 4to. 61. 6s. 

Winchester, 30 Engravings, med. 
4to. 31. 3s.; imp. 4to. 51. 5s. 

Oxford, with 11 Engravings, med. 
4to. 11. 4s.; imp. 4to. 2l. 23. 

Canterbury, with 26 Engravings, 
med. 4to. 31.3s.; imp. 4to. 51. 5s. 

Exeter, with 22 Engravings, med. 
4to. 21. 10s.; imp. 4to. 41.4s. 

Wells, with 24 Engravings, med. 
4to. 21. lOs.; imp. 4to. 41.4s. 

Peterborough, with 17 Engravings, 
med. 4to. 11. 18s.; imp. 4to. 31. 3s.^ 

GZoMcesfer, with22 Engravings, med.: 
4to. 21. 10s.; imp. 4to. 41.4s. , 

Bristol, with 14 Engravings, med.! 
4to. 11. 4s.; imp. 4to. 21. 2s. 

Hereford,yi\i\i 16 Engravings, med. 
4to. 11. 18s.; imp. 4to. 31. 3s. | 

Worcester Cathedral will consist of 
3 Nos._Nos. 1 and 2 are published. ! 

*** Of the above Works, a small 
number of copies are printed on super 
royal folio, with Proofs, and with 
Proofs and Etchings of the Plates. j 

HISTORY AND ILLUSTRATION 
OP REDCLIFFE CHURCH, BRIS¬ 
TOL ; with 12 Plates. Royal 8vo. j 
16s.; imp. 4to. 11. lls. 6d. | 
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MISCELLANEOUS. 


1 SELECTIONS from the EDIN- 
I BURGH REVIEW; comprising the 
best Articles in that Journalj from its 
commencement to the present time; 
With a Preliminary Dissertation, and 
‘Notes. Edited by Maurice Cross, 

■ Esq., Secretary of the Belfast Historic 

■ Society. 4 large vols. 8vo. 3i. 3s. bds. 

t GENERAL INDEX to the 
(EDINBURGH REVIEW, from Vol. 
XXL to L. 12s. 

I iNUEXtoVol. I.toXX. 15s.bds. 

' GREEK TESTAMENT, with Eng- 
; lish Notes, Critical, Philological, and 
! Exegetical. By the Rev. S. T. Bloom¬ 
field, D.D. F. S.A., Vicar of Bis- 
I brooke,Rutland,&c,; 2 closely-printed 
j volumes, 8vo. 36s. bds. Adapted for 
Academical Students, Candidates for 
I Holy Orders, and Theological Readers 
generally. 

' TRADITIONS of LANCASHIRE. 
By J. Roby, Esq. M.R. S. L. With 
j highly finished Plates by Findcn, and 
j WooAcuts by Williams, &c. 

( First Series.— 2 vols. demy 8vo. 

! (2d. edit.) 21. 2s. in cloth; royal 8vo. 
’(1st. edit.) with India Proofs, 41. 4s.; 
and with India Proofs and Etchings, 
41.14s. 6d. 

Second Series. —2 vols. demy 
8vo. 21. 2s. in cloth; royal 8vo. with 
India Proofs, 3L 3s.; and with India 
Proofs and Etchings, 41. 4s. 

INSTRUCTIONS TO YOUNG 
SPORTSMEN in all that relates to 
Guns and Shooting. By Lieut.-Col. P. 
Hawker. With an Abridgment of 
the New Game Laws. 30 Plates and 
Wood-cuts. 8vo. 7th Edit. 18s. cloth. 

WORKS of william PALEY, 
D.D. with additional Sermons, &c. and 
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PREFACE. 


The object of the present Work is to explain the 
causes of those phenomena which either pass un¬ 
regarded, from the frequency of their occurrence, 
or are considered too abstruse to be compre¬ 
hended without a previous acquaintance with the 
elements of science. It has been the Author^s 
endeavour to accomplish this object in the most 
clear and intelligible manner, and to enter so 
fully into the nature of the subjects illustrated, as 
to convey a competent knowledge of the principles 
on which their effects depend. The conversa¬ 
tional style has been preferred, as it is not only 
the best adapted to keep up the attention of 
young people, but it also aflPords opportunities for 
the suggestion and solution of such difficulties as 
present themselves, and renders the explanations 
more readily understood, and more strongly im¬ 
pressed upon the memory. 
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PREFACE. 


The developement of the causes of the phe¬ 
nomena elucidated in this volume does not de¬ 
pend exclusively upon any one branch of science. 
The subjects selected for illustration are those 
which were considered most likely to come within 
the range of daily observation, and to be best cal¬ 
culated to rouse the attention, and to excite a 
taste for scientific enquiry. 

In some of the explanations, the Author has 
ventured to deviate from the opinions generally 
received; but he has never done so, excepting 
when the causes usually assigned appeared to be 
either very doubtful or unsatisfactory. The Con¬ 
versations on Clouds and Fogs, Rain, the Baro¬ 
meter, Winds, and Vision, are those to which this 
notice more particularly applies. 


Hampsteady Jan, 1835, 
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CONVERSATIONS. 


INTRODUCTORY CONVERSATION. 

DIFFUSION HEAT. 

A Parlour in Mr. Powell’5 Honse^ in *which Mrs. 
Powell is making Tea^ nsoitk Mr. Powell and 
their Three Children^ Frederick, Robert, and 
Harriet, seated round the Table. 

JMr. Powell. — Can any of you, my children, 
tell me why the handle of the tea-pot your 
mamma is using is made of wood ? 

Harriet. — I suppose, papa, it is to prevent 
the hand from slipping, as it would do on a 
polished silver handle. 

Mr. P. — No, that is not the principal reason, 
my dear. The handle is made of wood to prevent 
it from becoming too hot to hold, as it would do 
if made of metal. 

Harriet. — Why should a metal handle be¬ 
come hotter than a wooden one ? 

B 




2 


DIFFUSION OF HEAT, 


Mr. P. —• Because metal is a better conductor 
of heat than wood, and the heat from the boiling 
w^ater in the tea-pot would therefore be sooner 
conveyed to it. 

Mrs. P. — You may quickly convince yourself 
of that, Harriet, by touching the silver at the 
point where it and the wood join. If, in making 
tea, you allow your finger to slip off the wooden 
handle, you will soon feel the metal burn you. 

Frederick. — Is it for the same reason that 
people use paper and woollens to take hold of the 
kettle, or hot irons ? 

Mr. P. — Yes. Paper and woollens are, com¬ 
paratively, bad conductors of heat; therefore it is 
longer in penetrating them. 

Robert. — But, I suppose, when the heat has 
once got through them, they would be as hot as 
metals. 

Mr. P. — They would he as hot, but they 
would not feel nearly so hot as metals of the same 
temperature. The property metals possess of 
becoming quickly heated, when brought near to a 
heated body, also disposes them to part with their 
heat quickly, when touching a colder substance. 
Both effects are produced by the facility with 
which metals conduct heat. 

Robert. — But I cannot understand how the 
same cause that makes metals sooner hot than 
other things, should make them cool sooner also. 

Mr. P. —-I will endeavour f6 explain the diffi¬ 
culty. When any cold substance touches a heated 
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body, it takes away a portion of the heat from the 
part it touches; and, if the heated body be a bad 
conductor, it will require more time before that 
part which is deprived of heat can be again sup¬ 
plied with it from the other parts of the heated 
body. In this manner the heat will be retained 
longer in the bad conductor. In metals, on the 
contrary, the heat is quickly conveyed from every 
part of the metal to any substance touching them, 
consequently they become sooner cold. Thus, 
you perceive, a heated piece of metal must feel 
hotter than a heated bad conductor, because, 
though both may be really equally hot, the metal 
gives out its heat more rapidly. 

Frederick. — Yes; I see now what you mean, 
father; heated metals feel hotter than woollens, 
because they give out a greater quantity of heat in 
the same time. 

Mrs. P. — This will also explain to you, I 
think, the cause of the money in your pockets feel¬ 
ing so hot, at which you were puzzled so much 
the other day when standing by the fire, 

Mr. P. — Exactly so. 

Robert. — But how can we tell that the metal 
is not the hottest after all? 

Mr, P, — By means of the thermometer we 
may ascertain their degrees of heat to be the same. 
It is true, if you were to surround the bulb of the 
thermometer with heated metal, the mercury in 
the tube would rise more rapidly than when 
covered with heated woollen; but in a short time 
B 2 
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the woollen would raise the mercury as high as 
the heated metal. I can convince you that metals 
conduct heat more quickly than wood, by a very 
simple experiment. 

Robert. — I should like to see it, father. 

Mr. P. — This silver spoon and this wooden one 
are of the same length, you perceive: hold one in 
each hand at the farthest end, and dip them both 
into this bason of boiling water. {Robert does as 
Ms father desires; hut^ after holding the spoons 
about a minute^ he lets the silver one fall into the 
basonj and draws his hand quickly away,) What 
is the matter, Robert ? — you shake your hand as 
if the silver spoon burnt you. 

Robert. — And so it did. It is so hot I could 
not hold it any longer. 

Mr. P. — How does the wooden spoon feel ? 

Robert. — Scarcely warm where I have hold 
of it; though, lower down, it is quite hot. 

Mrs. P. —I think you must be satisfied now, 
Robert, that silver conducts heat more quickly 
than wood, as you have burnt your fingers in the 
trial. 

Robert. — Yes, it must be so: but do all 
metals, father, conduct heat as quickly as silver? 

Mr. P. — No, my dear, they vary very consi¬ 
derably. It has been found, by recent experi¬ 
ments, that gold is the best conductor; next to 
gold is silver ; then copper, iron, and tin. Lead 
possesses this property in a much lower degree. 

Harriet. — If the heat of the water made the 
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silver spoon so soon hot, I suppose water is a 
good conductor of heat also ? 

Mr. P. You are mistaken there, Harriet; ^ 
for water is not only a very bad conductor of hea4 
but it has been supposed to be not capable of con¬ 
ducting heat at all. 

Harriet. — Then how could it part with its 
heat so rapidly to the spoon ? 

Mr. P. —> The particles of the water were put 
in motion by Robert when he plunged the spoons 
into the basoij; therefore a fresh portion of the 
heated water was every instant made to touch the 
spoons, and the silver one quickly took the heat 
from the different particles as they touched it. 
Had .the water been in a state of perfect rest, the 
spoon would not have been heated nearly so 
soon, because the heat taken away from those 
particles immediately surrounding the spoon could 
not have been renewed by the heat in the other 
part of the water, owing to its non-conducting 
property. 

Frederick. — Is the heat in liquids communi¬ 
cated, then, by their motion, rather than by their 
power of conducting heat ? 

Mr. P. — That is generally the case, Frederickj 
and whilst their particles keep in motion, and are 
thereby presenting a constantly changing surface 
to the body touching them, the heat will be sup¬ 
plied as fast as it can be conducted away. 

Robert. — Can you show us that this is the 
case by any experiment ? 
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Mr. P. — There are several experiments by 
which I could convince you that water, when not 
in motion, is a very bad conductor. I will show 
you one now. 

Harriet. — Do, dear papa, for I delight in 
experiments, they seem to make things so clear. 

Mr. P. — I will half fill this ale-glass with cold 
water, and put the bulb of the thermometer into it, 
that we may see if any change take place when I 
pour hot water upon the cold. You observe, the 
thermometer in the glass is now at 50°. I place 
this piece of paper on the top of the cold water, 
whilst I pour the hot water gently upon it, to 
prevent their mixing. 

Harriet. — The hot water you are pouring in 
is of a different colour from the cold. 

Mr. P. — I have put a little ink into it, to en¬ 
able us to distinguish the two waters.—You see I 
have poured the water so gently that they have 
not mixed. I will now remove the small piece of 
paper that divides the hot from the cold water, and 
if I do so carefully, they will remain nearly as 
distinct as they are now. [Mn Powell removes the 
pape7\) You see the hot water remains in a sepa¬ 
rate layer at the top. 

Harriet. — How very curious it is that they 
do not mix! 

Frederick. — The thermometer has risen only 
three degrees, though the coloured water must be 
nearly boiling hot, and is within two inches of the 
bulb. 
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Mr. P. — Nor will it rise much higher if it re¬ 
main in the water half an hour. I hope this ex¬ 
periment convinces you, Robert, that water, when 
at rest, is a very bad conductor of heat. Indeed, 
most fluids, with the exception of quicksilver, are 
very imperfect conductors, and impart heat to, 
and abstract it from, surrounding bodies, prin¬ 
cipally by the agitation of their particles, in con¬ 
sequence of which a fresh surface is constantly 
brought into contact with the body they surround. 
It is in this manner that air, which is a bad con¬ 
ductor, becomes capable of communicating and 
taking away heat very rapidly. 

Harriet. — But, papa, I have noticed that as 
soon as 1 come in sight of a large fire, I feel a 
glow upon my face; is it owing to the heat being 
conducted by the air in that way ? 

Mr. P. — The effect you have observed is pro¬ 
duced by another most interesting property of 
heat, called radiation, 

Frederick. — What do you mean, father, by 
the radiation of heat ? 

Mr. P. — It has been discovered that all bodies, 
besides communicating heat to substances touching 
them, have the power of emitting heat from their 
surfaces, as rapidly as light. As the heat thus 
emitted proceeds from bodies in straight lines, in 
all directions round them, like the radii from the 
centre of a circle, it is hence called radiant, or 
radiated, heat, to distinguish it from conducted heat. 
The quantity of heat radiated from different bodies 
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depends more upon their surfaces than upon their 
internal qualities. Highly polished metals radiate 
the least heat, and dark substances the most. 

Mrs. P. — Is not that the reason why metal tea¬ 
pots make tea so much better than dark earthen¬ 
ware ones ? 

Mr. P. — It is supposed to be the cause. 

Frederick. — Do hot things, in cooling, part 
with much of their heat in this way? 

Mr. P. — It depends greatly upon the nature of 
the body cooled, but, generally, about as much heat 
is lost by radiation as by communication. The in¬ 
tensity of radiated heat diminishes as the squares of 
the distance increase ; that is, at twice the distance 
from the radiating body, there is only one quarter 
of the heat. Therefore a person sitting at a dis¬ 
tance of two yards from the fire receives only one 
fourth part as much heat from it as another per¬ 
son sitting at a distance of but one yard. In this 
respect, and indeed in most others, radiant heat is 
subject to the same laws as light, with which it is 
closely connected. 

Frederick. — Thank you, father, for telling us 
so much. There is scarcely a day passes that I 
do not see something I cannot understand; but I 
think if I could learn as much every day as I 
have learnt this evening about heat, I should soon 
be able to find out many of the things that now 
puzzle me. 

Mr. *P. — I am glad you have such a thirst for 
knowledge, Frederick; and during these Christ- 
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mas holidays I will find time to explain to you the 
principles upon which many of the common oc¬ 
currences of life depend. 

Robert. — Let me be present, too, father. 

Harriet. — And me, papa. 

Mr. P. — Most willingly. 

Harriet. — Dear papa, when will you begin ? 

Mr. P. — To-morrow morning, in my study, 
immediately after breakfast 
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CONVERSATION 11. 

WARMTH OF CLOTHING. 


Mr. PowELL^5 Study. — \Mr. Powell, Frederick, 
Robert, and Harriet. 

Mr. P. — After our conversation of yesterday, I 
dare say none of you will have any difficulty in 
answering why woollens and furs are chosen for 
clothing in cold weather, and why metals usually 
feel so cold. 

Robert. — Oh no ! Woollen cloth is so much 
warmer than metals, that I am sure no one in his 
senses would think of wearing metal near his skin 
in such weather as this. 

Mr. P. — Well, since you are so certain about 
woollens being warmer than metals, take the ther¬ 
mometer, wrap the bulb round with wool, and tell 
me how high it rises. 

Robert. — { doing as his father directs 
him.) The quicksilver will not rise higher than it 
was before; it stands at 50°. 

Mr. P. — Now, then, apply the bulb to the 
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knob of the poker, and mark whether the mercury 
falls. 

Robert. — To be sure it will. {Robert holds 
the poker in one hand^ and with the other brings 
the thermometer close to the knob. Afte:i' holding 
it in this manner a minute^ he looks at his father 
quite astonished.) 

Mr. P. — You seem surprised: — how much 
has the thermometer fallen? 

Robert. — Not at all! and instead of falling, 
as it ought to do — for I am sure the poker feels 
very cold—the quicksilver is beginning to rise. 
It is now at 52°, and yet the poker seems as cold 
as ever. 

Mr. P. — Remove the thermometer from the 
poker, again wrap wool round the bulb, and see 
what follows. 

Robert. — Why, the quicksilver has fallen to 
50° ! ril never trust to a thermometer again; for, 
though the wool is warm and the poker cold, it 
would have me believe that the steel is warmer 
than the wool. 

Mr. P. — Do not be so hasty in condemning 
the thermometer, but rather doubt your own 
feelings. 

Frederick. — But surely, father, the wool is 
warmer than the cold poker ? 

Mr. P. — The thermometer tells us that it is 
not; and why should we doubt its accuracy in this 
case, when we know that in all others the mercury 
in the bulb expands, and rises up the tube, 
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when we expose it to heat, and that it contracts 
with cold? I cannot, therefore, suppose it acts 
differently now, but must believe that the poker 
was hotter than the wool. 

Robert. — But it has no feeling, as we have ; 
and where is the use of feeling, if we cannot tell 
heat from cold better than a senseless thing ? 

Mr. P. — It is true the thermometer has no 
feeling, and therefore is less likely to err. Our 
feelings are acted upon by so many circumstances, 
that it is often difficult to judge, from feeling alone, 
as to the actual heat of any substance. 

Robert. — I don’t think I should be so foolish 
as not to tell hot from cold, neither. 

Mr. P. — As you appear so confident in your 
own judgment, we will put it to the test. Fetch 
three basons, and two jugs full of water, one cold 
from the pump, the other hot. [Bohert and Fre¬ 
derick bring in the three basons and the jugs of 
^scater ,) 

Harriet. — I am very curious to see this ex¬ 
periment ; and I should laugh heartily at Robert, 
if he could not tell hot from cold after all. 

Mr. P. — Well, my dear, we shall see. Now, 
you observe, I have poured hot water into the first 
bason, cold water into the third, and a mixture of 
both into the middle bason. The thermometer 
stands in the first at 120°, in the third bason at 40°, 
and in the middle one at 70°. Robert, put your 
hand into the hot water, and, Frederick, put yours 
into the bason of cold water. 
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Robert. — Well, I am sure this is hot; I can 
hardly bear it. 

Frederick. — And I think there can be no 
doubt that this is very cold. 

Mr. P. — Now take your hands out of those 
basons, plunge them quickly into the middle one, 
and tell me how the water in that feels. 

Robert. — Oh ! this is quite cold. 

Frederick. — To me it feels very warm. 

Harriet. — Which of them is right, papa? 

Mr. P. — Frederick is right in saying the water 
feels to him warm, therefore Robert must be wrong 
when he says positively it is quite cold. But we 
shall, perhaps, hear him contradict himself. Now, 
then, my boys, change places; and, Robert, put 
your hand into the cold water, and, Frederick, 
put yours into the hot. 

Robert. — Well, I cannot be mistaken now; 
this feels almost as cold as ice. 

Mr. P. — Take out your hands, and put them 
into the middle bason, as before. Now, Robert, 
warm or cold ? 

Robert. — Why, it is very warm, indeed. 

Harriet. — Warm ! —why, you just now said 
it was cold ! I did not think youcould ever be 
so foolish as not to know hot from cold!” Ha, 
ha, ha ! 

Robert. — I cannot think it is the same: it 
must have got warmed since I felt it before. 

Frederick. — To me it feels cold. I wish you 
would explain the cause of this to us, father. 
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Mr. P. — Yes, I will, presently; but I must 
first convince your brother that his feelings may not 
only lead him into error, but may be contradictory 
at the same time; for he appears not yet perfectly 
satisfied. Robert, put your right hand into the 
hot water, and your left into the cold, and then 
plunge them at the same moment into the middle 
bason. (Robert^ after holding one hand in the cold 
*water^ and the other in the hot for ahcnit a minute^ 
puts them together into the middle bason,) Now let 
us know whether it is really hot or cold. 

Robert. — To my right hand it feels cold, and 
to my left hand quite warm. 

Harriet. — Well, Robert, this is worse and 
worse ! Cold one minute, hot the next, and then 
both hot and cold at the same time ! I have 
heard of a person blowing hot at one time, and 
cold at another, but you blow both at once : ha, 
ha, ha! 

Robert. — I am sure it is so ; and you may 
try yourself, Harriet, if it is not. 

Mr. P. —I have no doubt the water feels, as 
you say, warm to one hand, and cold to the other; 
but, as it cannot be both at the same time, tell us 
whether it is warm or cold. 

Robert. — Why, it is warm compared with the 
cold water, and cold compared with the hot. 

Mr. P. —Very good; but still you do not tell 
us, as you were sure you could, whether it is hot 
or cold. 

Robert. — It feels both.] 
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Mr. P. '—Then you must admit that your 
feelings, of which you boasted, will not enable you 
to judge excepting by comparison ; and that the 
same degree of heat may appear hot and cold at 
the same time, under different circumstances. 

Robert. — It does seem so, indeed. 

Mr. P. — Well, then, since you have had rea¬ 
son to doubt the accuracy of your feelings in this 
experiment, I hope you will again trust to the 
thermometer, and believe it was correct in repre¬ 
senting the poker to be hotter than the wool. 

Robert. — The thermometer was right as to 
the water; but I cannot think how it could be 
right as to the poker and wool. 

Harriet. — Do, dear papa, tell us how that 
was. 

Mr. P. — I will now explain the mystery. 
Every inanimate substance, exposed to the same 
temperature, possesses, usually, the same degree 
of sensible heat; and the difference in warmth to 
the touch depends upon their different powers of 
conducting heat, — which was the subject of our 
conversation yesterday. The human body, being 
generally warmer than surrounding objects, is con¬ 
tinually parting with its heat to them. Now, when 
any thing that has the power of conducting heat 
quickly touches our bodies, the heat is drawn 
rapidly from the part touched, and produces the 
sensation of cold. Therefore the poker, though 
really possessing the same degree of heat as the 
wool, feels very much colder, because it has the 
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power of drawing the heat from the hand mueh 
more rapidly than the wool. 

Frederick. — But the thermometer did not 
show this. 

Mr. P. — No, my dear, for the mercury was of 
the same temperature as the wool and the poker; 
therefore, would not be affected by their different 
powers of conducting heat. But if you make the 
mercury in the bulb hot, you will find that it will 
descend much more rapidly when surrounded by 
cold metal, than it will if wrapped in wool: that is, 
the heat will be drawn from it more quickly 
by the metal than by the wool; and, if the instru¬ 
ment were capable of sensation, it would feel 
colder with the metal than with the woollen 
covering. 

Robert. — Ay, but the thermometer not only 
did not fall, but it rose two degrees after being 
held to the poker. How could this happen? 

Harriet. — Yes, papa; that made the thing 
so very odd. I should like to know that. 

Mr. P. — The cause of the mercury rising is 
easily explained. As Robert held the poker in his 
hand whilst he applied the bulb of the thermo¬ 
meter to it, the cold he felt was produced by the 
metal drawing the heat rapidly from him, and be¬ 
coming itself warmer; which increase of heat was 
shown by the rise of the mercury. 

Harriet. — So that the faster the poker got 
hot, the more positive Robert would have been 
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that it was cold. I should never have thought of 
that. 

Mr. P. — Let us return to the point from 
whence we started; — Can you now tell me why 
woollens and furs are preferred for clothing in cold 
weather ? 

Frederick. — It must be because they are bad 
conductors of heat, and therefore prevent the 
warmth of the body from being taken away, as 
it would be by substances that were better con¬ 
ductors. 

Mr. P. —^ Very well explained, Frederick. 

Robert. —Yes, I understand that; but as air 
is a bad conductor of itself, as you told us 
yesterday, father, why should we require any 
clothing at all to keep ourselves warm ? 

Mr. P. — That is, indeed, a very natural en¬ 
quiry, and I am glad you have asked the question, 
Robert, as it shows you have a spirit of research 
worthy a young philosopher. I think, however, 
we have had enough of this subject to-day, and 
it will serve us for our conversation to-morrow. 
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Robert. — Now, father, will you tell us why the 
air feels so much colder than wool, which, if it is a 
bad conductor of heat, it ought not to do ? 

Mr. P. — In the first place, before I explain 
the cause, let us perceive the effect; and for this 
purpose the bellows will do very well. Robert, 
hold the back of your hand, that Frederick may 
blow upon it with the bellows. {Frederick blows 
with the bellows against the back of Robertas hand.) 
I dare say the wind feels cold. 

Robert. Yes, very cold indeed. 

Mr. P.—Now, Frederick, let the wind from 
the bellows blow upon the bulb of the thermo¬ 
meter, and see if it produces any change. 

Frederick. — {After blowing on the thermome¬ 
ter.) Not in the least. 

Robert. If I had not been convinced yester¬ 
day that my feelings might deceive me, I should 
certainly say the thermometer was not to be de¬ 
pended upon. 

Mr. P. — I am glad you have become less 
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confident; and, after the experience of yesterday, 
I trust you will not again put your feelings of 
cold against the decision of the thermometer, 
which now informs us that the wind from the 
bellows and the air of the room are of the same 
degree of heat. 

Robert. — Then why do they feel so different? 

Mr. P. — The cold produced by wind is occa¬ 
sioned entirely by the motion of the air, which 
thus presents a constantly changing surface to at¬ 
tract the heat from the body, — as I mentioned to 
you in our conversation on the diffusion of heat. 
The air, being a bad conductor, would, if at per¬ 
fect rest, draw the heat from the human body 
very slowly. In that case the air nearest the sur¬ 
face of our bodies would soon become nearly of 
the same temperature as ourselves; and, as it 
would part with its heat to the surrounding por¬ 
tions of air but very gradually, we should feel as 
hot as if covered with the warmest clothing. 

Robert. — Then why is clothing necessary to 
keep ourselves warm when there is no wind ? 

Mr. P.—Because the air is never at rest. The 
motions of our limbs, the movements of our bodies, 
and our breathing, all tend to expose us every mo¬ 
ment to a fresh surface of cold air, independently 
of other causes. And though heat passes with 
difficulty from one particle of air to another, yet 
each particle, when brought into close contact 
with a heated body, absorbs heat from it; and 
the more quickly these particles are changed, the 
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faster is the heat taken away, and the greater will 
be the feeling of cold. 

Frederick. — It is in the same way, I sup¬ 
pose, that things are cooled by blowing upon 
them? 

Mr. P. —Exactly so. A rapid change of air 
always produces a feeling of cold, when the tem¬ 
perature of the atmosphere is lower than that of 
our bodies. Even the thermometer may be made 
to exhibit signs of being affected by a current of 
air, as I can show you by an easy experiment. 

Harriet, -i— I should like to see that senseless 
thing made to feel cold by the wind. 

Mr. P. — Hold the bulb of the thermometer, 
Robert, in hot water till the mercury rises to 120°, 
and then take it out and notice how long it is in 
falling to 80°. 

Robert. — {Looking at his watch with the ther~ 
mometer in his hand.) Just three minutes. 

Mr. P. — Raise the mercury to 120° again, and 
be you ready, Frederick, with the bellows, to blow 
upon the bulb as soon as Robert takes it out of the 
w ater. 

Robert. — [Holding the thermometer^ whilst 
his brother blows as fast as he can with the beU 
lows.) The quicksilver has fallen to 80° in one 
minute only. 

Mr. P. — You would find, on repeating the 
same experiment with the bulb well wrapped in 
wool, that it would then resist the action of the 
bellows much longer; for the wool, besides being 
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a bad conductor itself, would prevent the air, nearer 
the bulb, from being so quickly changed by the 
bellows. 

Frederick. — Do our clothes^keep us warm in 
this way, by protecting us from the wind ? 

Mr. P. — Yes, my dear; and this is the prin¬ 
cipal use of the thick clothing we put on in win¬ 
ter; for if we could enclose ourselves in a case 
perfectly air-tight, a thin flannel covering might 
keep us as warm as the thickest great coats. 
The most effectual mode of keeping out the wind, 
and preserving the heat of the body, is that 
adopted by the inhabitants of the polar regions, 
who wear the skins of animals turned inside out. 
By this means the dried skin acts as a screen to 
prevent the wind from penetrating; and as the fur 
contains a quantity of air between its fibres, that 
part of the body so covered is thus enclosed in a 
case of confined air. 

Frederick. — But if the air were hotter than 
the body, would the wind feel cold ? 

Mr. P. — No, Frederick. When the tempera¬ 
ture of the air is greater than that of the body, 
the wind feels insufferably hot. The hot winds 
from the deserts of Arabia and Africa often de¬ 
stroy the lives of animals exposed to them; and 
the natives, who know when to expect these winds, 
shut themselves up in their tents to be out of their 
scorching effects. 

Harriet. — I should like to feel a hot wind. 
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Robert. — I can’t think how it is possible for 
the wind to be hot. 

Mr. P. — I believe I can satisfy your doubts 
and Harriet’s curiosity very shortly. Frederick, 
light the Argand lamp, —put on the glass chim- 
i^ey,—and then give me the bellows. Now, you 
observe, that I have closed the nozle of the bel¬ 
lows, and that I hold the large opening, which 
admits the air, at a little distance from the chimney 
of the lamp, so that when I separate the legs slowly, 
the hot air, rising from the lamp, is drawn in. I 
must expel the air and fill the bellows a few times, 
to heat the interior, and drive out the cold air. 
NoW, Harriet and Robert, hold your hands and 
feel the wind as it is forced out of the nozle. 

Robert. — It is quite hot! 

Harriet. — Yes, so it is ! I declare the bel¬ 
lows can blow hot and cold as well as you, Robert: 
ha, ha ! 

Frederick. -— I suppose the cold produced 
by fanning is owing to the motion given to the air 
by the fan. 

Mr. P. — Yes, it is. By the action of the fan, 
fresh particles of air are driven rapidly against the 
face, and thereby carry away a greater portion of 
its heat than before. You may frequently hear 
ladies, who are fanning themselves, say, that they 
are “ cooling the air,” though, in reality, every 
motion of the fan gives additional heat to the air, 
by causing it to abstract a greater quantity from 
the body. 
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Harriet. •— That is very curious. I always 
thought it made the air cooler. 

Mr. P. — Fanning makes the face cooler, my 
dear, but it does so only by carrying off its Jieat 
more rapidly to the air. 

Robert. — But fans are generally used in hot 
rooms and in warm weather, when the air is al¬ 
ready so hot that, if it were not cooled by the fan, 
it would be like a hot wind. 

Mr. P. — The air is not, in the hottest room, 
nor in the warmest weather, in this country, ever 
^o hot as the human body. The natural heat of 
the body is 98®, whilst our hottest summer’s day 
seldom exceeds 84® in the shade. The air, how¬ 
ever, is^ never heated so high as the temperature 
indicated by the thermometer, for that instrument 
is acted upon by the heat reflected from surround¬ 
ing objects; but even if we allow the air to contain 
84® of sensible heat, it would still be considerably 
cooler than the body, and a strong current, by 
greatly increasing its conducting power, would 
feel very cold. 

Harriet. — Then it seems that ladies, who 
fancy they are cooling the air by fanning, make 
the same mistake that Robert did, when he thought 
the poker was so very cold because it was getting 
hotter. 

Mr. P. — Exactly so. I trust you now under¬ 
stand the cause of the air feeling generally cold; 
and why the sensation of cold is increased on its 
being put into rapid motion. When I speak of 
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cold, however, you must not imagine that I mean 
a total absence of heat; and still less, that cold is 
an absolute property, capable of entering into dif¬ 
ferent substances, like heat. After what you have 
heard, you may, perhaps, be prepared to learn, 
that there is no such thing as absolute cold. 

Robert. — Not such a thing as cold ! Well, 
father, you may be right about the poker and 
wool; but as to cold, nobody can be mistaken that 
can feel. 

Mr. P. — What, Robert! do you still place 
such reliance on your feelings; and have you so 
soon forgotten how they failed you, when put to 
the test with the hot and cold water ? 

Robert. — No, I have not forgotten that; but 
to suppose there is no such thing as cold, one must 
forget to feel. 

Harriet. — I cannot help thinking as Robert 
does about cold. Do, pray, papa, tell us what it is 
you mean. 

Mr. P. — I will do so, my dear, to-morrow. 
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(Frederick, Robert, warming their 

Hands at the Fire, The Morning very cold and 
frosty^ and a heavy Fall of Snow. Mr. Powell 
enters the Room.) 

Harriet. — Papa, I am glad you are come at 
last; for now that the ground is covered with snow, 
and it is freezing so hard as almost to freeze us into 
icicles, do you still say it is not cold ? 

Mr. P. — It feels intensely cold, my love; but 
our feelings, as Robert knows, may be mistaken; 
and I still say, and hope to prove to you, that 
there is no such thing as cold. 

Frederick. — What is it, then, that makes the 
water freeze, and that makes us all feel so cold to¬ 
day? 

Mr. P. — The short and correct answer to that 
question is, that the air is not so hot to-day as it 
was yesterday. 

c 
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Robert. — But it was not hot yesterday, by 
any means; it was only not so cold as it is now. 

Mr. P. — The air did not appear to us to con¬ 
tain any heat, because our bodies were so much 
hotter than the air, and, consequently, it deprived 
us of heat: but it certainly contained more sensible 
heat than the air does to-day; and I think I can 
make you aware that this frosty day is not with¬ 
out heat. 

Harriet. — Do, dear papa, show us how, 
for I am now ‘ hivering with cold. 

Robert. — With want of heat you should say, 
Harriet — ha, ha, ha! 

Mr. P.—Yes, Robert, ridiculous as it may 
sound, that is correct. Even snow feels warm 
when compared with substances still colder, as I 
can convince you if you bring me a basin full of 
snow, and a cup full of salt. (Robert brings in- 
the snow and salU as required,) Now put the ther¬ 
mometer into the snow, and see the temperature. 

Robert. — It is 32®. 

Mr. P.— That is just the freezing point; and it 
is, therefore, as cold as ice. I will now put part 
of the snow into another basin, and mix the salt 
with it in the proportion of one part of salt to 
two of snow: observe, the mixture is become 
liquid. Robert, put your hand into it. 

Robert. — [Putting Ms hand in the water,) 
Oh I oh I I cannot bear it any longer. 

Mr. P. — Take your hand out, then, and put 
it into the snow, and tell us how that feels. 
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Robert. — Why, compared with the other, it 
is warm. 

Mr. P. — Harriet, put your hand into the 
snow, that Robert says feels warm, and let us 
know what you think of it. 

Harriet. — Oh ! it is very, very cold. 

Mr. P. — Nay, Harriet, it cannot be really cold 
and warm at the same time. Robert says the snow 
is warm, compared with the mixture of snow and 
salt, and the thermometer will agree with him. 
{Mr. Powell puts the thermometer bulb into the basin 
of swotu and salt.) See, the mercury falls 32° 
below the freezing point; and when I remove 
it to the snow it will rise to 32°; therefore Robert 
must be right in saying the snow is warm. It 
felt cold to you, Harriet, because the air of the 
room is so much warmer than snow; but Robert, 
having previously immersed his hand in a mixture 
so much colder, was capable of feeling the heat of 
the snow. 

Robert. — Yes, father; but the mixture of 
snow and salt must be cold, for the thermometer 
sunk dowm to nothing, and there cold must begin. 

Mr. P. — It was, indeed, so considered by 
Fahrenheit, the maker of the thermometer gene¬ 
rally used in England; but recent observations 
have proved that opinion to be wrong. The ther¬ 
mometer may be made to fall 50° below the 
nothing in Fahrenheit’s scale by a mixture of 
snow and potash; and, compared with this, the 
mixture of snow and salt would be very perceptibly 
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warm. It would be dangerous, however, to ex¬ 
pose the flesh suddenly to contact with a mixture 
of so low a degree of temperature; but the ther¬ 
mometer would show that the snow and salt con¬ 
tained heat, by its rising rapidly in that mixture 
when taken from the snow and potash. 

Frederick. — How cold is it in the coldest 
part of the world ? 

Mr. P. — The temperature near the poles we 
cannot ascertain,* as the solid masses of ice that 
constantly cover that part of the globe prevent 
ships from approaching within several hundreds 
of miles. The voyagers who have approached the 
nearest to the poles have found the cold so intense 
as to become dangerous, notwithstanding all the 
precautions they could take. Even at Hudson’s 
Bay, which is an English settlement, in North 
America, the thermometer is frequently as low as 
50° less than nothing; compared with which our 
present temperature, that you think so cold, would 
be like the hottest day in summer. 

Harriet. — How can the poor people manage 
to keep alive there ? 

Mr. P. — They wrap themselves in furs, and 
endeavour, as much as possible, to avoid exposing 
any part of their bodies to the air. The snow, 
too, with which the ground is covered, helps to 
keep their cabins warm. 

Harriet. — Snow make them warm ! Well, 
that is very odd ! 

Mr. P. — Yes, my dear; the air confined be- 
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tween the flakes or crystals of snow being a very 
slow conductor of heat from the body, the in¬ 
habitants find that, when rolled up in a blanket, 
and burrowed under the snow, they are warmer 
than in their beds. The temperature is so low in 
that part of the world, that if water be thrown into 
the air it will be ice when it falls down; and it is 
even stated, that the moisture of the breath is 
sometimes frozen, and falls to the earth like a 
shower of snow. 

Harriet. — What, breathe a sho wer of snow ! 
Well, I shall soon believe that Baron Munchau¬ 
sen’s words were really frozen as they came out 
of his mouth. 

Robert. — And that they chattered away in the 
thaw? —ha, ha ! 

Mr. P. — After having shown you that what 
feels to us intensely cold, really contains heat, and 
is absolutely w^arm compared with colder temper¬ 
atures, I trust your confidence in the existence 
of cold is shaken. 

Frederick. — But if there be no such thing as 
cold, I suppose there must be a point at which 
there is no heat; and how low must the thermo¬ 
meter fall when all the heat is taken away ? 

Mr. P. — There is, no doubt, a point at which 
all bodies would be deprived of heat; but that 
point has never been ascertained. The lowest 
temperature hitherto produced is 100° less than 
zero, or 132° below the freezing point. Brandy 
freezes at 7° below zero; mercury becomes solid, 
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like other metals, at 39°, and ether is congealed 
at 46° below zero: it is supposed that even the 
air we breathe would become a solid mass if the 
temperature could be sufficiently reduced. 

Harriet. — Then Baron Munchausen’s words 
might have been frozen, and he may be right after 
alL» 

Mr. P. — If you can conceive it possible for 
a man to live when the air is a solid mass around 
him, his words would indeed be frozen as they 
came out of his mouth. 

Robert. — But if it were possible to take away 
all the heat from a thing it must be cold then. 

Mr. P. — No, Robert, your conclusion is by 
no means correct. It does not follow, as a matter 
of course, that when one property is taken from a 
body, that another, and opposite one, must exist 
and enter into it. I think I have convinced you, 
that, even when the temperature is so low as to 
deprive human beings of life, the air contains heat; 
therefore, if that degree of temperature be not 
cold, we have no reason to suppose such a property 
as cold exists. Persons, naturally enough, imagine 
all negative properties to have a positive existence; 
which opinion, however, philosophy has proved to 
be erroneous: but from custom, and for general 
convenience in conversation, the words which 
express the negative quality are used, even by 
those who do not attach any positive meaning to 
them. Thus, cold, dulness, darkness, and many 
other expressions of the kind, are commonly used, 
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though only intended to signify a deficiency of 
heat, of brightness, or of light, See. 

Frederick. — But would it not be better to 
call things by their right names ? for if we know 
there is no such thing as cold, why should we talk 
as if there were ? 

Mr. P. — I agree with you, Frederick, that the 
use of words which convey a wrong idea of the 
intended meaning is a bad practice, but it is a dif¬ 
ficult one to alter. Even men of undoubted 
science would shrink from the imputation of learned 
affectation, which such a departure from generally 
received expressions would bring upon them ; and 
whilst they refuse to sanction such an alteration in 
established modes of expression, it would be 
great presumption in others to attempt to intro¬ 
duce a change in this respect. Any kind of 
affectation is, at the best, ridiculous; but an 
affectation of learning, especially in young per¬ 
sons, is sure to excite the dislike as well as the 
ridicule of every one. I trust, my dear children, 
I shall never observe this affectation in.you, for I 
had rather you should remain ignorant than that 
you should pretend to be learned. 
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Frederick. — What a cold morning this is, 
father ! the thermometer is 6° below the freezing 
point. 

Harriet. — I have been puzzled, papa, to im¬ 
agine how the thermometer can tell when it is hot 
and when cold, as it cannot feel. 

Mr. P. — It is a question that I dare say has 
puzzled many older heads than yours, Harriet; 
and as we have made so much use of the ther¬ 
mometer lately, it will be advisable to make you 
understand the principle which regulates the rise 
and fall of the mercury in the tube. It depends 
upon the expansion which the quicksilver under¬ 
goes by heat, and its contraction when the heat is 
removed. 

Harriet. — Does heat make the same quantity 
of quicksilver really larger than it was before ? 

Mr. P. — Yes, that is its effect, as the thermo¬ 
meter itself might inform you. But, lest you 
should imagine there is any hidden virtue in the 
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frame and bulb, you shall see the same effect pro¬ 
duced on mercury in a straight tube. I will put 
into this tube an ounce of mercury, and make a 
mark on the glass at the point it reaches in the 
tube. I will now immerse it in hot water, and 
observe the effect of the heat. 

Frederick. — The quicksilver has risen above 
the mark already; I see it rising very distinctly. ’ 

Mr. P. — As it now occupies more space in 
the tube, you must be convinced that it has in¬ 
creased in bulk. 

Frederick. — Does it weigh more now than it 
did before ? 

Robert. — Of course, a larger quantity of 
quicksilver must weigh heavier than a smaller. 

Mr. P. — Weigh it yourself, then, Robert, and 
tell us how much weight it has gained. 

Robert. — {Weighing the mercury,') It weighs 
exactly an ounce. 

Harriet. — Then it is no heavier than when 
first put into the tube. Is that as it should be, 
papa ? 

Mr. P. — Yes, my love. Robert’s position that 
equal bulks of the same thing must always weigh 
the same, will not hold good, as he must now per¬ 
ceive. 

Robert. — But something must have got into 
the quicksilver to make it larger than it was be¬ 
fore, and that something must, I think, make it 
heavier. 

Mr. P. — The ‘^something” you speak of is 
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heat, which is, indeed, supposed to be a material 
substance, but philosophers have not yet been able 
to discover that it has any weight. Heat possesses 
the property of expanding all substances ; and it 
is supposed to do this by surrounding the minute 
particles of which the substances are composed, 
and thus separating them farther from each 
other. 

Frederick. — Then I suppose the quicksilver 
must be really lighter when made hot than it is 
when cold. 

Mr. P. — Yes, the weight of the same quantity of 
any substance is diminished in proportion to the 
expansion. Thus, if ten inches of mercury be ex¬ 
panded to eleven inches, the specific gravity will 
be nearly one tenth less than before; that is, eleven 
inches of the expanded mercury will weigh no 
more than the ten inches before expansion. 

Harriet. — But, papa, how can the bulb of 
the thermometer be filled with quicksilver through 
so small a tube as it appears to be ? 

Mr, P. — I will show you, my dear, in a mo¬ 
ment. The difficulty, though seemingly great, is 
soon overcome. (Mr, Powell fetches from his ca^ 
hinet an empty thermometer tube,) The aperture of 
this tube is so small, that it might be considered 
impossible to fill the bulb at the end. 

Harriet. — I can scarcely see the opening. I 
am quite curious to know how you will manage to 
pour the quicksilver through it. 

Mr. P. — I ^hall make the mercury run into the 
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tube without the least trouble. {Mr. Powell lights 
a candley and holds the bidb near to the Jlame.) I 
have now heated the bulb sufficiently, and will 
plunge the open end of the tube into this cup of 
mercury. Look at the tube as the bulb cools. 

Harriet. — The quicksilver is running up the 
tube by itself, and is entering the bulb. How very 
strange ! 

MR. P. — Having now got the bulb nearly 
half full, I will hold it again to the candle till the 
mercury boils, and, on again plunging the tube 
into the cup, the bulb will be filled. {Mr. Powell 
Jills the bulb in the mamier described^ at which the 
children seem greatly astonished.) 

Frederick. — Do tell us, father, what is the 
cause of the quicksilver running up the tube. 

Mr. P. — Yes, my dear; and the more readily, 
as it affords us another example of the expansion 
caused by heat. When I held the empty bulb to 
the candle, the heat expanded the air, and drove 
part of it through the tube. After I had placed 
the tube in the cup of mercury, the air in the 
bulb, on becoming cool, contracted, and, as the 
mercury prevented the external air from rushing 
in to occupy its former space, the liquid metal was 
forced up to supply its place. A more perfect 
vacuum was afterwards produced by the condens¬ 
ation of the vapour of the boiling mercury, and 
the whole bulb was filled. 

Robert. — Then air expands by heat, as well 
as quicksilver. 
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Mr. P. — Yes, Robert; not only quicksilver 
and air, but every substance, visible or invisible, is 
expanded by heat The expansion of liquids and 
air is, indeed, greater than that of solid bodies; 
but the hardest rocks and metals are also subject 
to the expansive povi^er of heat. 

Robert. — How can we tell that the air is ex¬ 
panded by heat ? 

Mr. P. — The experiment already shown you, 
with the thermometer bulb, is a conclusive proof 
that it is so; but the expansion may be rendered 
visible by the inflation of a fire balloon. 

Harriet. — Do show us that, papa; balloons 
are such curious things. 

Mr. P. — I am glad I can gratify your curiosity, 
and exemplify an interesting law of nature at the 
same time, Harriet. {Mr, Powell brings from his 
laborato'i'y a small fre balloon,) This balloon is 
made of silver paper perfectly air-tight, excepting 
at the bottom, where there is an opening and a 
small iron-wire car to hold the combustibles by 
which it is to be inflated. I shall put into the car 
cotton wool steeped in spirits of wine. The bal¬ 
loon is at present, you perceive, much collapsed, 
and looks shrivelled. Robert, apply a piece of 
lighted paper to the wool, as I hold the balloon, and 
notice the effect. 

(Robert sets fre to the spirits qfwine^ and in a 
short time the sides of the balloon begin to expand.) 

Frederick.—T he balloon begins to move, as 
if it were being blown out like a bladder. 
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Harriet. — Its sides are now on the full 
stretch, and it seems quite swelled out. 

Mr. P. — The swelling out’' is occasioned 
by the expansion of the air inside, which, owing 
to its being kept in an expanded state by the heat 
of the burning spirits, is become lighter than the 
air of the room, and when I remove my hand, the 
balloon will ascend. [Mr. Powell permits the 
balloon to rise to the top of the room.) 

Harriet. — How very pretty it looks, rising 
up without any one touching it! 

Frederick. — I suppose, then, father, that air, 
when heated, becomes lighter than before, in the 
same manner as the hot quicksilver did, because 
the quantity of it is increased without any addi¬ 
tional weight. 

Mr. P. — Exactly so. But look ! the spirits 
are nearly burnt out, and the sides of the balloon 
begin to collapse, as the heat is not sufficient to 
expand the air. It is now falling to the ground. 
This experiment show^s, in the most striking man¬ 
ner, the effect of heat in the expansion of air. 
The ascent of smoke up chimneys is owing to 
this effect of heat. 

Frederick. — How is that, father? 

Mr. P. — The heat of the fire expands and 
rarefies the air in the chimney, and as it is thus 
made lighter than the external atmosphere, it rises. 
Its place is supplied by fresh air from below, 
which is heated in the same manner. The whole 
chimney thus becomes filled with a column of air 
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much lighter than a column of the atmosphere of 
the same height, and it therefore issues rapidly 
from the top, whilst the air below rushes to the 
fire-place. 

Frederick. — Then the draught of a tall chim¬ 
ney should be greater than that of a short one, as 
the column of light air must be higher. 

Mr. P. — That is, generally, the case, provided 
the fire is sufficiently large to keep the whole 
column heated. 

Robert. — But the chimneys of very high 
houses will sometimes smoke, which they ought 
not to do if the draught depends upon the height 
of the column of light air. 

Mr. P. — Many causes may tend to make even 
a very tall chimney smoke. Chimneys are often 
so badly constructed as either to prevent the air 
from becoming sufficiently heated, or to obstruct 
its free passage upwards. For instance, if the 
opening above the grate be very large, it will 
admit more air than the fire can heat, and the 
column in the chimney will not be sufficiently 
light to ascend as it ought to do; or, if there be 
many irregularities in the chimney itself, or any 
accidental obstruction, the progress of the air and 
smoke will be partially stopped, and part of the 
smoke will enter the room. 

Harriet. — If the fire is the cause of the 
draught, what is the use of putting those things 
on the tops of chimneys to prevent their smoking ? 

Mr. P. — They are only intended to act as 
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screens against the wind, and not to increase the 
draught; for if the wind blow into a chimney, it 
has the effect of obstructing the current of air from 
issuing out at the top, and of driving it down. 

Frederick. — I understand now why it is that 
chimneys generally smoke in a high wind. 

Harriet. — I have seen, papa, a piece of paper 
cut and painted like a snake, hanging with its head 
downwards, and supported with a wire by its tail 
over a candle, that turned round and round as 
if it were alive: was its turning round owing to 
the expansion of the air by the candle ? 

Mr. P.—Yes, my dear. The heat of the candle 
rarefies the air, and causes it to rise, producing 
an upward current. This current of air, striking 
against the oblique sides of the paper snake, gives 
it a rotary motion, and the paper will continue turn¬ 
ing as long as the candle produces the current. 

Frederick.— Do smoke-jacks in chimpeys turn 
round from the same cause ? 

Mr. P.—Yes; the current of air up the chimney 
strikes against the oblique vanes of a wheel fixed 
there with sufficient force to turn it round, and put 
in motion all the machinery of the smoke-jack. 
Many natural phenomena are produced by the 
action of heat in expanding, and consequently 
lessening the weight of, the air. The winds are 
caused by this effect, as I shall explain to you 
more particularly on some future occasion. I 
will conclude this morning’s conversation by men¬ 
tioning to you a few instances of the expansion 
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of other substances by the same means. This 
knitting needle will answer our purpose exceed¬ 
ingly well to show the expansion of metals. You 
see that it is just large enough to enter the ward 
of this key: I will put it into the fire to get hot, 
and you shall try if it will pass through then. 
Here, Robert, take hold of the needle with this 
piece of paper, and try to put it into the ward. 

Robert. — {Trying to get the knitting needle into 
the *ward,) It will not enter the ward now; it has 
grown larger than it was. 

Mr. P. — Yes; it is expanded by the heat. 

Robert. — You told us, father, that the ex¬ 
pansion of quicksilver by heat was owing to the 
particles of the quicksilver being separated by the 
heat getting between and surrounding them : how 
is it that heat expands other metals whose par¬ 
ticles do not move at all? 

Mr. P. — The particles of solid metals, indeed, 
appear to be immovable; but they are supposed 
to be continually in motion, though they are so 
minutely small, that their motions are impercepti¬ 
ble. Heat, it is concluded, operates in the same 
way upon solid substances as upon liquids, by se¬ 
parating their particles or atoms; and that some 
motion must have taken place in the metal of the 
knitting needle is evident from the fact of its 
being expanded in all directions. 

Frederick. — Are all metals expanded as 
much by heat as iron is ? 

Mr. P. — No: the metals, and nearly all sub- 
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stances, vary in the degrees of their expansion; 
but it is a general rule that bodies expand by heat, 
and contract with cold. The most remarkable 
exception to this rule is water. 

Frederick. — Is not water expanded by heat, 
father ? 

Mr. P. — Yes;- it is expanded by all tempera¬ 
tures above 42°; but on being cooled below that 
point it begins to expand again, and the ex¬ 
pansion increases as the temperature is reduced 
below 42°, in the same proportion as it increases 
when it is heated above that point, 

Harriet. — That is very singular: what can 
be the reason of it ? 

Mr. P. — It is not known in what manner the 
abstraction of heat from water causes its expansion 
below 42°; but, ignorant as we are of its cause, we 
know sufficient to excite our admiration of the 
beneficent provision of Nature in making this 
exception to the general laws which regulate other 
bodies. If water were contracted as it is de¬ 
prived of heat, like other substances, the ice, as 
it was formed, would sink to the bottom of the 
water, a fresh quantity would supply its place, 
and, being frozen, sink as before; and in a con¬ 
tinued frost the whole of our rivers and northern 
oceans would become solid masses of ice. In 
consequence of this singular exception, however, as 
soon as the water is cooled below 42°, it swims on 
the surface, and protects the water below from being 
exposed to the freezing influence of the atmosphere. 


4<2 


EXPANSION BY HEAT. 


Robert, — But the water immediately under¬ 
neath must touch the ice on the top, and there¬ 
fore become as cold as it is, 

Mr. P. — It does so to a certain extent, and that 
occasions the thickness of the ice in long continued 
frosts; but water is so slow a conductor of heat, 
that it requires a length of time to abstract the 
heat from the water below, so long as it remains 
stationary there by its superior weight. 

Robert. — Then, father, we should have had 
no skating, if water got heavier as it became 
colder, until the whole water in the ponds were 
frozen. 

Mr. P. — No, indeed, Robert, you would not; 
for the ice would be at the bottom. 

Prederick. — Nor any fishing either, for all 
the fish would be killed by the first hard frost 
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Harriet, -t- Oh, look, papa! the kettle is boiling 
over. I was afraid I should have been scalded. 

Mr. P. — Have you ever thought what it is 
that causes the water in the kettle to boil over in 
this way; or of the cause of its boiling at all ? 

Robert. — It does not require much thought, 
I suppose, to tell that: it is the fire. 

Mr. P. — We should not be much wiser by 
that answer, Robert. The fire makes the water 
boil, but how? 

Robert. — By making it hot 

Mr. P. — We are no nearer to an explanation 
yet. The question is, how does heat produce the 
effect ? 

Robert. — That I cannot tell,* but I know that 
water will not boil without fire. 

Mr. P. — Do not be too positive, Robert. 
What would you say to a proposal for boiling 
water by cold ? 

Robert. — That it is impossible. 

Mr, P. — I will convince you to the contrary. 
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Harriet. — Can you, papa ? I am all cu¬ 
riosity to see how. 

Mr. P. — Bring me a thin bottle, or decanter, 
and I will half fill it with water from the kettle. 
(Robert fetches his father a decanter^ into which 
Mr. Powell boiling water^ afterfrst warming 

the decanter to prevent it from crackings and then 
he corks it.) You perceive the water is perfectly 
motionless, and does not boil now. Robert, bring 
me a cloth dipped in the coldest water you can 
find — it is to make the water boil. 

Robert. —You must be joking, father. 

Mr. P. — Bring the cloth, and you shall see. 
(Robert goes for the wet cloth^ and brings it to 
Mr. Powell.) I will put it to the top of the 
bottle, which is full of steam; now look, Robert, 
at the water. 

Robert. — Why, it is really boiling as briskly 
as if it were on the fire. 

Mr. P.—You see that when I remove the cold 
cloth the water ceases to boil; and that when I 
cover the neck with the cloth, it boils again. 

Frederick. — What is the cause of its doing 
so, father? 

Mr. P. — Before I explain the cause of this 
phenomenon, I must return to the original ques¬ 
tion ; — What makes water boil when put on the 
fire ? 

Robert. — I do not know what to say ; I will 
thank you to tell me, father. 

Mr. P. — When water is placed in the kettle, 
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over the fire, a portion of heat is communicated to 
it every moment, and the water at length becomes 
heated to the boiling point, that is, to 212° of 
Fahrenheit’s thermometer. At this point the water 
nearest the bottom of the kettle is converted into 
steam, which, as soon as it is formed, rises rapidly 
to the surface in large bubbles, causing great com¬ 
motion in the water; and, when the fire is hot, 
the steam is formed so quickly, that the bubbles 
force part of the water above the top of the kettle, 
causing it to boil over. 

Harriet, — But the steam begins to form 
some time before the water boils. 

Mr. P. — Yes, my dear, but very slowly; for 
the elastic force of steam does not become suffi¬ 
ciently strong to balance the pressure of the at¬ 
mosphere until the water is heated to about 212°; 
and the steam will not form at the bottom until its 
force is equal to the atmospheric pressure. 

Frederick, — How does the pressure of the 
atmosphere prevent the steam from rising? 

Mr. P. — In the same way as a weight placed 
upon an elastic body presses it down, and prevents 
it from rising. Water, when possessing sufficient 
heat to keep it in a liquid state, has a strong ten¬ 
dency to evaporate, and, were it not for the pressure 
on its surface, would be rapidly dissipated into an 
elastic vapour. The force of the vapour of water at 
32° is equal to one ounce and a half on every square 
inch ; and as the water is heated the force of the 
vapour increases, until, at 212°, it is equal to the 
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pressure of the atmosphere, that is, fifteen pounds 
on every square inch; and the steam then rises to 
the surface as fast as it is formed. After water is 
heated to its boiling point, it cannot be made any 
hotter so long as it is exposed to the air, however 
hot the fire may be; for the heat, as fast as it 
enters the water, is conveyed away by the steam. 
If water be heated under a greater pressure than 
that of the atmosphere, the temperature may be 
raised considerably higher than 212^, without 
boiling; and, on the contrary, if the pressure of 
the atmosphere be removed, water will boil at 72^. 
It has been ascertained that fluids generally boil 
in a vacuum at a temperature 140° less than under 
the pressure of the atmosphere. 

Harriet. — But now, papa, tell us how it was 
that the water in the bottle boiled by cold ? 

Mr. P. — When I applied the cold cloth to the 
upper part of the bottle the steam at the top be¬ 
came condensed into water, owing to the absorption 
of its heat by the cloth, and produced a partial 
vacuum in the bottle. Part of the pressure of the 
atmosphere being thus removed, the elastic force 
of the steam formed by the hot water became 
more than equal to the remaining atmospheric 
pressure, and' therefore it rose in bubbles to the 
surface. When I removed the cold cloth, the 
steam ceased to be condensed, and, therefore, 
shortly pressed upon the hot water with a force 
equal to the elastic power of the steam it was 
capable of forming, and prevented the steam from 
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rising; but on re-applying the cold cloth, the 
same effect was repeated, from the same cause. 

Robert. —Ay, but the water was nearly boil¬ 
ing hot to begin with; you cannot make liquids' 
boil without heating them first. 

Mr. P. — It is true that water will not boil, 
even under the receiver of the air-pump, till it is 
heated to 72°; but ether, which is a more volatile 
fluid, can be made to boil without being heated. 

Frederick. — I should like to see it very 
much. 

Mr. P.—You shall, my dear; but for this ex¬ 
periment we shall require the air-pump. I shall 
show you that ether may boil even when it is cold 
enough to freeze water; and, what is still more 
extraordinary, that its boiling will cause the water 
to freeze. 

Harriet. — That will, indeed, be strange. 

Robert. — Yes, if ether boils with freezing 
cold, it will be curious. 

{Mr. Powell places the air-^pump on the table. 
Under the receiver he puts a small glass full of 
ether^ and on the top of the ether^ and foating on 
its surface^ a voatch-^glass containing a little water.) 

Mr. P. — Having put the ether and the water 
under the receiver, I will exhaust the air rapidly; 
now look at the ether. 

Frederick. — It seems to be boiling away as 
if there were a fire under it. 

Robert. —Yes, indeed it is ; I cannot help 
thinking it must be hot. 
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Mr. P. — I will let in the air, and take off the 
receiver, that you may feel. Now, Robert, put 
your finger into the ether, and let us know if it be 
hot. 

Robert. — (Touching the ether.) No, it feels 
quite cold. 

Frederick. — And the water in the watch- 
glass is frozen into a mass of ice ! Do explain the 
cause of this, father. 

Mr. P. —After what I have told you respecting 
the effect of the pressure of the atmosphere on the 
boiling of fluids, I need not, I suppose, say more 
about the cause of the ether boiling, than that its 
vapour is so elastic as to overcome the pressure of 
the atmosphere when heated to only 90°; and that 
when the pressure of the atmosphere is removed, 
the ether becomes very rapidly converted into 
vapour, even when its temperature is 76^ lower 
than the freezing point. 

Frederick. — But what made the water freeze 
whilst the ether was boiling ? 

Mr. P. — You must understand, in the first 
place, that steam and vapour contain a very large 
quantity of heat, which they abstract from liquids 
when boiling; and it is owing to the quantity of 
heat they thus carry away that liquids cannot be 
heated above their boiling points. This is the cause 
why water, when placed in an open sauce-pan over 
a hot fire, cannot become hotter than 212°, though 
the fire itself is perhaps upwards of 2000°; for the 
steam deprives the water of the heat as fast as it 
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is communicated. Thus, in the case of the ether, 
when the pressure of the air was removed, the 
vapour, into which it was rapidly converted, drew 
the heat from the ether, and from the water float¬ 
ing on its surface, so quickly, that the temper¬ 
ature of the water was reduced below 32°, and it 
became frozen. 

Frederick. — Do all vapours, whether cold or 
hot, take heat from bodies in the same way ? 

Mr. P. — Yes, my dear; and there is reason to 
believe, that when vapours rise from a compar¬ 
atively cold surface, they contain really more heat 
than when the liquids are boiling. It is owing to 
this absorption of heat by vapour, that we feel 
such a sensation of cold from wet clothes; as the 
evaporation of the moisture draws the heat from 
our bodies, which is carried off* by the vapour. 

Harriet. — What is the reason, papa, that 
people do not take cold when wet with sea water 
so soon as with fresh water ? 

Mr. P. — The salt contained in sea water pre¬ 
vents the liquid from evaporating so quickly, 
therefore, the sensation of cold is not so great, 
because the heat is drawn from the body more 
gradually. Spirits, on the contrary, evaporate 
much more rapidly than water, and the cold pro¬ 
duced by their evaporation is, consequently, much 
greater. If, for instance, you drop ether on the 
back of your hand, it feels extremely cold; and 
the effect is increased by doing so in the full heat 
of the sun, as the evaporation then becomes 
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quicker: indeed, so rapidly is the heat abstracted, 
that small animals may be frozen to death, in this 
manner, under the heat of a summer’s sun. 

Frederick. — Thank you, father, for these in¬ 
teresting explanations, which I hope I shall re¬ 
member ; but I should like to know something 
more about the nature of steam, which is now 
made to do every thing. Can you tell us what 
makes it so strong, as to be able to do the work 
of horses? 

Mr. P. — I will endeavour, my dear, to give 
you some idea of the subject to-morrow. 
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Frederick; — Is the steam we see coming out 
of the spout of the kettle the same kind as that 
which works steam engines ? 

Mr. P. — You are mistaken, my dear, in sup¬ 
posing you see the steam, for steam is invisible, 
like air and most other elastic fluids; but the 
steam in the kettle, which you cannot see, is the 
same as that employed in working engines. 

Robert. —Not see the steam ! why, look, 
father, it is coming from the kettle spout most 
furiously. I am sure I see it. 

Harriet. — And so do 1. 

Mr. P. — You see a stream of something, re¬ 
sembling a thick mist, issuing from the kettle, but 
that is not steam: that mist consists of minute 
particles of *mater^ into which the steam is condensed 
as soon as it comes in contact with the air. If 
you look close to the spout, you will perceive there 
is a space of about half an inch, between the spout 
and what you call steam, in which you see nothing 
— that is steam. 
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Frederick. — Yes, I see a vacancy between 
the spout and the steam; yet there must be 
something there, for the misty steam seems to 
come from it. 

Mr. P. — You observe, that what you call 

misty steam ” becomes less perceptible as it 
approaches the spout, because the condensation of 
the steam does not take place all at once. Near 
the spout only a partial condensation occurs; but 
as the steam issues farther into the air it expands, 
and a larger surface being thus exposed, it is 
completely condensed. 

Frederick. — What is the cause of steam 
condensing so quickly ? 

Mr. P. — A large portion of heat is always re¬ 
quired to prevent vapour from condensing; and the 
elasticity, the invisibility, and the great bulk of 
vapours, compared with liquids, are supposed to 
be owing to the large quantity of heat they con¬ 
tain. Thus, steam of the temperature of 212°, 
which equals the elasticity of the air, is rapidly 
condensed into water when exposed to a lower 
temperature, because the heat necessary to pre¬ 
serve it in that state of elasticity is then taken 
from it. The vapour of spirits being more elastic 
(that is, having a greater attraction for heat,) is not 
so easily condensed as steam ; and ether, indeed, 
will not remain in a liquid state at a temperature 
higher than 90°; therefore, in hot climates, ether 
can exist only as an invisible vapour, unless con¬ 
fined under pressure. 
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Frederick. — What is the bulk of steam com¬ 
pared with water? 

Mr. P. — At the temperature of boiling water, 
steam occupies 1800 times the space of the water 
from which it is formed; therefore, a pint of 
water, when converted into steam, would fill 225 
gallons. 

Frederick. — But when steam is converted 
into water a^ain, what becomes of the space it 
filled? 

Mr. P.— If the steam, when confined in an air¬ 
tight vessel, be completely condensed, the space it 
occupied is left vacant; and unless the vessel be 
strong, the pressure of the atmosphere on the 
outside would press in the sides. I can show 
this to be the case by an easy experiment. 

Harriet; — I should like to see it, very much. 

Mr. P. — Into this moist bladder I put a tea¬ 
spoonful of ether, and after squeezing out the air I 
will tie it up. Now, notice what takes place when 
I put it into hot water. (Mr, Powell holds the 
bladder in a basin of hot water^ nschen it almost 
immediately becomes inflated.) 

Harriet. — It has blown the bladder out. 

Mr. P. —Yes; the ether is converted into va¬ 
pour by the heat, and has filled the bladder. I 
will now put it into cold water, which will con¬ 
dense it into a liquid again. (Mr, Powell im¬ 
merses the bladder in cold \soater,) 

Frederick. —Look, how the bladder shrinks ! 
it seems as if it were alive: what makes it do so ? 
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Mr. P. — The ether, as it condenses, leaves a 
vacuum in the bladder, and the pressure of the 
atmosphere forces its sides together. Any vessel, 
if not made strong enough to resist the pressure, 
would do the same. 


Robert. — Would water produce the same 
effect as the ether. 

Mr. P. — Yes, exactly, if it were heated to the 
boiling point. I used ether because it is changed 
into vapour by a lower degree of heat, and there¬ 
fore the experiment could be more readily per¬ 
formed. 

Frederick. — It seems a very curious thing 
that the bulk of steam should be all at once lessened 
to a mere nothing by cold. Is any use made of 
this property in the steam engine ? 

Mr. P. — The whole power produced by many 
steam engines depends entirely upon it. In the 

first engine made by 
the celebrated Mr. 
Watt, all the power 
gained depended on 
the pressure of the 
atmosphere upon a 
piston moving in a 
cylinder, which was 
forced down by the 
atmospheric pressure 
when the steam un- 
But I shall make the 
In this sec- 







derneath was condensed 
subject more clear by this drawing. 
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tion A B c D represents a large cylinder, one foot 
or more in diameter, with a moveable piston, 
fitting tight to the sides of the cylinder. At 
the bottom there are two openings, b and c, one 
of which, c, communicates with a vessel containing 
cold water, to act as a condenser, and the other, 
B, communicates with the boiler. Now, suppos¬ 
ing the cylinder to be filled with steam, and the 
stop cock, F, communicating with the boiler to be 
shut, and the stop cock, g, to be opened, the 
steam will rush along the pipe communicating 
with the condenser, and be immediately condensed 
into water, thereby producing a vacuum under the 
piston, which will then be forced down to the 
bottom of the cylinder by the pressure of the 
atmosphere. 

Robert. — How can the piston be raised up 
again? 

Mr. P. — As soon as it arrives at the bottom, 
the stop cocks are turned, so as to cut off the com¬ 
munication with the condenser, and to let the 
steam in again from the boiler. The pressure on 
the piston being thus removed, by the elasticity of 
the steam underneath, it is raised to the top by a 
heavy w'eight placed at the end of a large beam. 
The motion of the piston and beam, up and down, 
is thus continued as long as the steam is supplied in 
proper quantities, and the water in the condenser 
continues cold enough to condense it. 

Frederick. — I don’t remember to have seen 
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any weights at the end of the beams of those 
steam engines I have seen. 

Mr. P. — No, my dear; for in Mr. Watt’s im¬ 
proved engines he introduced the steam at the top 
of the piston, as well as underneath, and in that 
manner produced a vacuum above as well as below 
it; and the piston in these engines is forced both 
up and down by the pressure of the steam acting 
against a vacuum. 

Frederick. — Are all steam engines formed 
upon the principle of making a vacuum by con¬ 
densing the steam ? 

Mr. P. — No, they are not. The engines I have 
described are called condensing engines^ because 
their action depends upon the condensation of the 
steam. The engines now most in use are made 
to act upon a very different principle, depending 
upon another property of steam, viz. its elasticity. 

Harriet. — What do you mean, papa, by say¬ 
ing steam is elastic? 

Mr. P. — By elastic, my dear, I mean the 
power steam possesses of regaining its original 
bulk after having been compressed into a smaller 
compass; and the force it exerts in trying to regain 
its natural degree of expansion, I call its elastic 
;power> It is in the application of this force that 
the principle of the high-pressure steam engines 
consists. 

Frederick. — How can steam be compressed 
so as to exert the force that is wanted ? 

Mr. P. — By heat. When water is heated to 
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240° the steam exerts an additional force of about 
15lbs. on every square inch, being equal to the 
pressure of another atmosphere. 

Robert. — But I thought you said, father, that 
water could not be heated above the boiling point; 
then how can it be made so hot as 240°, which is 
28° above boiling? 

Mr. P. — I said it could not be heated above 
the boiling point if the steam were allowed to 
escape; but, by confining the steam, and thus 
preventing the heat from flying off, water may be 
made as hot as any other substance, provided the 
vessel be strong enough. 

Harriet. — Why need it be so very strong? 

Mr. P. — Because the force of steam at very 
high temperatures becomes almost irresistible. It 
is ascertained that at 439° steam exerts a force 
of 375lbs. on every square inch; and, as the heat 
is increased, the strength of the steam becomes 
greater. Mr. Perkins, indeed, is stated to have 
heated wter red liot^ and to have generated steam 
that acted with a force of 1500lbs. per square 
inch. If a vessel the size of a common tea-kettle 
contained steam of this power, the pressure on its 
whole surface w^ould exceed 400,000lbs. 

Frederick. — Can you show us any experi¬ 
ment, father, that will exhibit this elastic power of 
steam ? 

Mr. P. — Most experiments with high-pressure 
steam are attended with some danger, and therefore 
ought to be exhibited with great caution. I think 
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I can, however, give you some idea of the force 
of steam by a very simple apparatus. A piece of 
copper gas-tube, that has one end closed, and a 
bladder tied to the other, will answer the purpose. 
{Mr. Powell produces a piece of gas-tube about a 
foot in length and a quarter of an inch diameter^ 
brazed at one end^ into which he pours a tea-spoons¬ 
ful of water^ and then ties a bladder very frmly on to 
the other end.) I will now place » the end of the 
tube, where the water is contained, on the fire, in 
a perpendicular position, that it may become hot. 
Stand at a distance from it, my children, lest the 
water should be thrown out and scald you. 

Harriet. — {Clinging to her father.) Papa, 
what will it do ? Is it likely to hurt us ? 

Frederick. — Look ! look! the bladder is 
swelling out as if it were blown. 

Mr. P. — The steam is beginning to form, and 
is filling the bladder. You see it is now about to 
burst by the force of the confined steam. {The 
bladder bursts with a loud explosion.) 

Harriet. — Oh dear ! what a tremendous 
noise ! I am almost stunned. 

Mr. P. — The bladder, you perceive, is burst 
at last, the pressure having become too great for 
the strength of the bladder to resist it. 

Frederick. — Is it in this way that accidents 
happen in steam engines ? 

Mr. P. — Yes, my dear; the bladder in this 
experiment might represent the boiler of a steam 
engine, in which the steam was forced up beyond 
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the power of the boiler to bear it. I very lately 
saw a boiler that had been blown to the distance 
of several hundred feet, owing to the bottom of it 
giving way. It was carried over a building be¬ 
longing to the works, knocking part of it down 
in its progress, and scattering death among the 
work-people within : eight or ten persons were 
killed, and numbers dreadfully scalded. 

Robert. — If accidents are so likely to happen 
with high-pressure steam engines, why are they 
ever used, when the other kind would do as well ? 

Mr. P. — High-pressure engines possess many 
advantages which render them preferable in par¬ 
ticular circumstances to condensing ones. In the 
first place, they are cheaper, as the whole appa¬ 
ratus of the condenser is spared. In the next 
place, it often happens that it is impossible to pro¬ 
cure so large a supply of cold water as is required 
to condense the steam, — in moving engines on 
rail-roads more especially; and, in the third place, 
high-pressure steam engines require less fuel. 

Frederick. — What is the reason of that, 
father ? 

Mr. P. — I explained to you the other day that 
water requires to be heated to 212° before the elastic 
force of steam becomes equal to balance the pres¬ 
sure of the atmosphere; but having attained that 
point, it only requires 28° of additional heat to 
double its power; 25° more to treble it, and 18° 
additional to quadruple it; each succeeding at¬ 
mosphere of pressure being gained by a lower 
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proportion of heat. At a temperature of 367° the 
force of steam is increased ten times. Now, if 
the water, before being heated, was at the tem¬ 
perature of 57°5 it must require 155° of heat 
to raise it to the boiling point; the whole of which 
heat will, after all, only produce steam of force suf- 
cient to balance the weight of the atmosphere. 

Frederick. — Yes, I think I see how it is 
now; 28° degrees of heat added after 212° are 
equal in effect to 155° before; for steam formed at 
212° will only have one half the strength of the 
steam from water heated to 240°. 

Mr. P. — Yes, Frederick, you are right. Thus 
you perceive that 155° added to 212° will pro¬ 
duce steam possessing ten times the power that 
the same quantity of heat would produce if em¬ 
ployed in raising the water merely to the boiling 
point. 

Robert. — You have told us, father, that steam 
and vapour contain a great deal of heat; how 
can this be known ? 

Mr. P. — It can be proved to be the case by 
many experiments, but one will be enough for the 

present. I will put 
into this retort a 
quarter of a pint 
of water, and in¬ 
sert the end of the 
tube into a basin 
containing a gal¬ 
lon of water at the 
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temperature of 50®, and then apply a lamp to the 
retort till the water boils away. {Mr, Powell 
arranges the apparatus in the manner described^ and 
exhibited in the annexed wood-cut.) In the mean 
time, let us see how much the temperature of one 
gallon of water at 50° is raised by adding to it a 
quarter of a pint of boiling water. [Mr. Powell 
mixes a quarter of a pint of boiling water with a 
gallon of cold,) Frederick, observe how much the 
thermometer rises. 

Frederick. — [Holding the bulb in the water.) 
It has risen full nine degrees. 

Mr. P. — Very well: now if the steam from 
the quarter of a pint of w^ater in the retort con¬ 
tain only the same quantity of heat as boiling 
water, the temperature of the water in which it is 
condensed will be raised only nine degrees. 

Robert. — I should not think it would be so 
much. 

Mr. P. — Frederick, let us know how the ther¬ 
mometer decides the question, for the water is just 
boiled away. 

Frederick. —' [Putting the thermometer into the 
water.) The water is quite hot; and see, the ther¬ 
mometer has risen to 118°, which is 68° higher than 
the water w^as before. 

Mr. P. — That is as I expected it would do; 
for steam contains about 1000° more of heat than 
the same weight of boiling water. 

Robert. — Ido not understand how that can 
be, for steam cannot be hotter than boiling water. 

Mr. P.— An equal bulk of steam does not con- 
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tain nearly so much heat as an equal hullc of 
boiling water; but, you must bear in mind, that 
one pint of water would fill 1800 pints when con¬ 
verted into steam ; and the heat diffused through 
this large space, when condensed into one pint, 
is seven times greater than the heat in the same 
weight of boiling water. Steam or vapour, it is 
supposed, always contains the same quantity of 
heat, whether it be formed at a temperature of 60° 
or 600°. 

Robert. — What! do you mean, father, that 
when steam is made three times as hot as boiling 
water, it does not contain more heat than common 
steam in a kettle ? 

Mr. P.— I mean that the same weight of steam 
does not; because the more steam is heated the 
more it is compressed, and, consequently, it weighs 
heavier; and a smaller quantity of high-pressure 
steam will therefore be condensed into as much 
water as a larger quantity of common steam. 

Robert. — Ay, I think I understand it now: 
what the steam gains in heat it loses in bulk; is 
not that it ? 

Mr. P. — Just so. This has been rather a 
puzzling subject; but I hope I have succeeded in 
making you understand the genei’al properties of 
steam. A more particular consideration of the 
different applications of steam, as a moving power, 
does not come within the scope of our present 
consideration; though I may, at a future time, 
take an opportunity of explaining that subject to 
you more fully. 


CONVERSATION VIII. 


CLOUDS, FOGS, AND DEW. 


{A thick Fog.) 

Frederick. — AVhat a very foggy morning this 
is ! I can scarcely see across the road. 

Harriet. — I should like, papa, very much to 
know what it is that makes these disagreeable 
fogs. 

Mr. P. — If you understood what I told you 
respecting the nature of steam, I think it will not 
require much time to explain the nature and cause 
of fogs. In our conversation upon steam and 
vapour, we considered only the property of that 
vapour which is given out by liquids in a boiling 
state; but fluids, even at their coldest temper¬ 
atures, are continually, though slowly, being 
changed into vapour. This slow process is called 
evaporation. 

Robert, -r— Biit I thought vapours contained a 
great quantity of heat; then how can vapour be 
made in cold weather ? 

Mr. P. — You cannot, surely, have forgotten 
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what I so recently explained to you respecting the 
heat contained in the atmosphere, even at the 
lowest temperatures. You must remember that, 
even in the coldest weather we ever experience in 
this country, the air is quite hot, compared with 
the temperature near the poles. It is from this 
source, and from the heat of the earth, therefore, 
that vapour derives its heat. The process is 
always going on, though very slowly, compared 
with the vapour formed at boiling heat. 

Frederick. — I suppose that evaporation goes 
on faster in hot than in cold weather. 

Mr. P.—You are right. In summer the quan¬ 
tity of water evaporated from one acre of land, after 
heavy rain, is estimated at 1900 gallons in twelve 
hours. Even when apparently quite dry, the 
ground is continually parting with vapour to the 
atmosphere, though not in such large quantities. 

Harriet. — But what becomes of the vapour ? 

Mr. P. — As vapour is lighter than the air 
near the surface of the earth, it ascends into the 
colder regions of the upper air, till, being deprived 
of a portion of its heat, it is partially condensed 
into water, in the same manner as you observe 
the steam issuing from the kettle is condensed 
into a mist This condensed vapour forms clouds. 

Robert. — If the clouds consist of water, why 
do they float so high in the air instead of falling 
directly to the ground, as water would do ? 

Mr. P. —; Each particle of water condensed 
from the vapour, is so minute as not to be sepa- 
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rately visible to the naked eye. Its weight is, 
therefore, not sufficient to counterbalance the 
resistance of the air to its descent; and when 
large quantities of these minute particles are col¬ 
lected together, as in clouds, the extended surface 
they present to the air helps to sustain them. 
Besides, the whole mass being kept distended by 
mixture with the air, the weight scarcely exceeds 
that of the surrounding atmosphere, and must be 
absolutely lighter than the air near the earth’s 
surface. 

Frederick. — Are fogs, then, anything like 
clouds ? 

Mr. P. — Yes, Frederick ; they are formed in 
the same manner. The only difference between 
them is, that the vapour which forms a fog, is 
condensed before it can ascend from the earth. 

Robert. — But why is vapour sometimes con¬ 
densed into fog, and sometimes into clonds? why 
is it not always the same, either all fog or all 
clouds ? 

Mr. P. — That entirely depends upon the tem¬ 
perature of the air, as compared with that of the 
earth, or water, from which the vapour rises. If 
the surface of the earth be hotter than the sur¬ 
rounding air, the vapour, in this case, obtains the 
greater portion of its heat from the earth, or 
water, and, rising into the colder air, it is almost 
immediately condensed before it can ascend. If, 
on the contrary, the air be warmer than water, 
the vapour rises uncondensed. The atmosphere 
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in the latter case is clear, and in the former 
foggy. 

Robert. — But if the air being colder than the 
earth makes fogs, the weather ought always to be 
foggy in a frost, which it is not. 

Mr. P. — I am not surprised at your wonder¬ 
ing why fogs are not produced by frost. The 
cause of the atmosphere being generally clear in 
a hard frost is twofold. In the first place, the 
water and the moisture on the earth’s surface being 
then frozen, a much less quantity of vapour is 
formed; and, in the second place, the air con¬ 
denses the vapour as soon as formed, and it is 
frozen before it can rise from the earth, and pro¬ 
duces what is called a hoar frost. 

Harriet. — What is it that makes the grass 
so wet on summer mornings, when there is no 
fog? 

Mr. P. — It is owing to the comparative cold-^ 
ness of the grass. The earth during the day 
having become heated by the sun, is hotter than 
the air after the sun is gone down, and part 
of the vapour is, therefore, condensed before it 
can ascend, and forms de^jo. It has been ascer¬ 
tained by the late Dr. Wells, who made a series 
of experiments with a view to explain the pheno¬ 
mena of dew, that the air close to the earth is 
several degrees colder during the formation of 
dew than it is four or five feet from the ground. 
This difference he supposed to be owing to the 
radiation of heat from the surface of the earth; 
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and it is a remarkable fact that on clear nights, 
when there are no clouds to reflect the heat again 
to the earth, this difference of temperature is most 
observable; and on these nights it is that the 
greatest quantity of dew is deposited. On cloudy 
and windy nights there is scarcely any dew 
formed. 

Frederick. — What is the reason, father, that 
dew will not fall on highly polished steel ? 

Mr. P.—Dr. Wells found that polished metals, 
and all substances that radiate heat very imper¬ 
fectly, are warmer on clear nights than those from 
whose surfaces heat is radiated more rapidly; and, 
in consequence of their being warmer, less dew will 
be formed upon them. The circumstance that dew 
is deposited in different quantities upon different 
substances, and that those on which it collects are 
the best radiators of heat, strongly confirms the 
radiating theory. 

Harriet. — I should suppose, then, that grass 
sent out a great deal of heat in this way, for it 
often seems quite drenched with dew. 

Mr. P. — Yes, it does, Harriet. Gravel, on the 
contrar}’^, radiates comparatively very little heat, 
which is the cause of the walks in the garden being 
dry when the grass is not fit to walk upon. Wool, 
cotton, and all fibrous substances, are found to 
radiate a large quantity of heat, and to become 
the coldest when exposed on a clear night. But, 
whatever may be the cause of one substance be¬ 
coming cooler than another, the effect is the same 
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as regards the formation of dew; for the vapour 
will not be condensed, unless the air, or the sub¬ 
stances on which dew is deposited, is colder than 
the vapour. 

Frederick. — Then, so long as the air is hotter 
than the earth, there will be no fogs ? 

Mr. P. — No, there will not. In spring, before 
the earth has received much heat from the sun, 
fogs are not nearly so frequent as in the autumn, 
at which time the earth is, at night, generally war¬ 
mer than the air. You have, I dare say, ob¬ 
served the canal, on a frosty September morning, 
looking as if it were almost boiling. This ap¬ 
pearance is owing to the water being much warmer 
than the air, and the vapour being therefore con¬ 
densed as it rises from the surface, presents the 
appearance of hot steaming water. 

Harriet. — But, papa, why are fogs so much 
more common in valleys than on hills ? 

Mr. P.—Valleys generally contain more moisture 
than hills, therefore, a larger quantity of vapour 
is formed there. Besides, the tops of hills are 
more exposed to the wind, which dissipates the 
fog. 

Harriet. — How does wind clear away fogs ? 

Mr. P. — It does so in two ways: first, by 
mechanically blowing the condensed vapour away; 
secondly, a constantly fresh current of air being 
brought into contact with the minute particles of 
water composing the fog, they are dissolved again 
into vapour. 
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Frederick. —Is there always vapour in the air? 

Mr. P. — Yes, Frederick ; in the most brilliant 
day of summer the air is more charged with 
vapour than in the foggy days of November; but 
the heat keeps the moisture in a state of vapour, 
and it is, therefore, invisible. 

Robert. — How can it be known then ? 

Mr. P. — The existence of vapour may be 
easily detected. For instance, if on a fine sum¬ 
mer’s day an empty glass be brought out of a cold 
cellar into the open air, it will instantly be covered 
with mist; for the vapour in the air will be con¬ 
densed by the cold glass, and the moisture will 
adhere to its sides. In the same manner, when a 
thaw suddenly succeeds a hard frost, the walls of a 
house will run down with wet. This phenomenon 
depends upon the same cause; for in consequence 
of the thickness of the walls, they cannot change 
their temperature so quickly as the air, and will 
remain for some days colder than the atmosphere. 
By this means the walls condense the invisible 
vapour, and the moisture adheres to them, and 
runs down in streams. 

Frederick. — Yes, I have noticed the walls 
of our house do so in a thaw, and I thought it 
was owing to the house being damp. 

Mr. P. — Many a house gets a bad character 
from the same cause, very undeservedly. The 
thicker the walls, the longer will the moisture ad¬ 
here to them, provided the previous frost has been 
long enough to penetrate the bricks. 
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Frederick. — I suppose, father, that in the 
same manner you have explained the cause of 
fogs, you account for our seeing the breath of 
people in cold weather. 

■ Mr. P. — You are right, Frederick. The va¬ 
pour, as it issues from the mouth, becomes con¬ 
densed by the cold, and is, therefore, rendered 
visible. 

Harriet. — It is very disagreeable to be fol¬ 
lowing people in a frost, and to have all their 
breath blowing into one’s face. That makes me 
dislike walking in the streets in a frost. 

Robert. — Or to come near a horse that is 
blowing clouds at you through his nostrils—eh, 
Harriet ? 

Harriet. — Oh, shocking ! 

Mr. P. — It is all fancy, Harriet. The same 
thing takes place in the most beautiful day of 
summer, but as the vapour is then invisible, you do 
not think of any annoyance. This, and number¬ 
less other annoyances of the same kind, are dis¬ 
agreeable only in idea. You should endeavour, as 
much as possible, to overcome your aversion to 
such trifles; if not, you will continually be made 
uncomfortable, and be disgusted with matters that 
ought not to give you the slightest uneasiness. 
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Mr. P. — It is raining so very heavily this 
morning, that I think we cannot do better, my 
children, than stay at home and endeavour to 
explain what causes rain to fall. 

Robert. — I think there can be no great dif¬ 
ficulty in finding out that, however; for every 
body knows that rain comes from the clouds. 

Mr. P. — Then you can perhaps tell us why 
the clouds sometimes rain, and at other times do 
not; and why the rain descends in drops of such 
equal size, instead of coming down in masses. 

Robert, — No, I cannot tell that exactly; but 
I know that it is the clouds that make the rain. 

Mr. P. — The rain comes from the clouds, no 
doubt; but the manner in which rain is made has 
puzzled older heads than yours, Robert; and we 
cannot now speak positively as to the cause of 
rain. 

Frederick. — Is it not owing to the condens¬ 
ation of the vapour ? 

Mr. P. — Yes, it is owing to the condensation 
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of the vapour; but you must recollect that all 
clouds consist of condensed vapour, yet all clouds 
do not rain. 

Frederick. — Then what is supposed to be the 
cause, father ? 

Mr. P. — The immediate cause of rain is owing 
to the partially condensed vapour of the clouds hav¬ 
ing been rendered more dense than before. In this 
more condensed state the clouds resemble v/hat 
are termed mhts^ in which the particles of water 
are separately visible, though extremely small, and 
possess sufficient weight to fall to the ground. 

Robert. — But what can make the clouds more 
dense at one time than at another ? 

Mr. P. — There are many causes that would ac¬ 
count for it. Suppose, for instance, a cloud to be 
continually receiving fresh supplies of vapour from 
the earth, which vapour becomes condensed on 
entering it. The additional vapour, when thus 
condensed, would unite with the minute particles 
of water forming the cloud, and, by continual 
addition, these particles would become minute but 
visible drops, like a mist. Again, if a cold current 
of air come in contact with vapour at a low 
elevation in the atmosphere, such vapour will be 
condensed into larger particles than if it had been 
condensed higher in the air, where it would have 
been more expanded; and a cloud formed near 
to the earth will, therefore, be more dense than 
when formed after the vapour has risen higher. 

Frederick. — Then I suppose, father, when 
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the vapour is most rarefied, the drops of water 
into which it is condensed are the smallest 

Mr. P. — They are, my dear. 

Robert. — But what makes vapour thinner at 
one time than at another ? \ 

Mr. P. — The vapour is more or less rarefied, 
or, in other words, its elasticity is greater or less, ac¬ 
cording to the degree of heat at which it is formed. 
Thus, as I before told you, steam formed at a 
temperature of 240° has twice the elasticity of steam 
formed at 212°, the boiling point; and vapour 
formed on a hot day in summer possesses more 
elasticity than vapour produced on a cold day in 
November. 

Frederick. — Then, does a gallon of the vapour 
formed in hot weather contain more water than a 
gallon of vapour formed on a cold day ? 

Mr. P. — Yes, that is the case. The cold 
vapour is more rarefied than the hot; and, there¬ 
fore, when condensed, the fog or cloud is not so 
thick. Besides, the condensation of cold vapour 
must be carried on more slowly, for the difference 
in temperature between it and the air is not so 
great. 

Frederick. — Does the quick condensation of 
vapour, then, depend upon the difference in heat 
between the vapour and the air ? 

Mr. P. —• Entirely so. Thus, you perceive 
that the hot steam from the kettle is instantly 
condensed as soon as it becomes exposed to the 
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air; whereas the vapour in the room, formed at 
the same temperature as the air, remains invisible. 

Robert. — But how can we be certain that 
there is any vapour in the room, when we cannot 
see it? 

Mr. P. — I can, if you wish it, make the vapour 
visible. 

Robert. — Yes, I should like it by all means. 

Harriet. — And so should I, papa. 

Mr. P. — [Producing a large emptyphiaL) You 
perceive this phial is apparently quite dry and clean. 
It is full of the same air as this room. I will 
cork it up; and now, Robert, look at it. Do you 
suppose it contains any vapour ? 

Robert.—I think not, for it appears quite dry. 

Mr. P. — Take it into the cellar for a minute, 
and see what effect that has upon it. 

Robert. — [Returning mth the phial after having 
taken it into the cellar.') Look, father! the bottle 
is all dim inside. 

Mr. P. — That is the vapour you could not see 
in this warm room, now condensed by the colder 
temperature of the cellar, and become visible. It 
is owing to the same cause that the vapour of the 
breath is condensed on the windows of a car¬ 
riage. The vapour is invisible in the carriage, 
because the heat inside maintains it in a state of 
vapour; but the windows, being cooled by the 
external air, condense the vapour as soon as it 
touches them. The frosty crystallisations on th^ 
inside of a window may be explained in a similar 
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way. The vapour in the rooni is condensed and 
frozen on coming in contact with the cold glass, 
and forms there a considerable thickness of ice, 
whilst in other parts of the room the vapour is not 
perceptible. 

Harriet. — I remember, papa, that when wa 
went on the steam-boat with you, last summer, 
a shower of small rain came on when the engineer 
let out the steam, though it was a very fine day; 
was that owing to the condensation of the steam ? 

Mr. P.— I am very glad, Harriet, my dear, that 
you have reminded me of the circumstance, as it is 
a complete illustration of the formation of rain. 
The steam, as it issued from the steam-pipe, was 
condensed immediately into a thick mist by the 
colder air; and the minute particles of water first 
formed, having been enlarged by the condeqs-^ 
ation of more steam upon them, became suf- 
ciently heavy to fall down in drops. 

Frederick. Yes, I remember the shower 
very well; but the drops were smaller than those 
in a common shower of rain. 

Mr. P. —- The smallness of the drops was owing 
to the small quantity of condensed steam through 
which they had to fall, compared with the mag¬ 
nitude of clouds. If the mass of steam had been 
greater, the drops, in descending, would have col¬ 
lected more water round them: two or more drops 
would have united into one; and they would have 
become equal to the largest drops of rain. 
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Harriet. — Do the drops of rain unite in that 
way in falling from the clouds ? 

Mr. P. — We must conclude that they do; for 
it is ascertained that the drops increase in size as 
they approach the ground. If we suppose the 
clouds to be of great thickness, we can easily ima¬ 
gine that, as soon as the smallest particles become 
large enough to descend, they will increase in size 
by uniting with other small drops in their descent. 

Frederick. — What effect has the wind in 
producing rain ? 

Mr. P. — The wind has very opposite effects 
upon the clouds, depending upon its temperature, 
its velocity, and the formation of the clouds them¬ 
selves. A wind warmer than the temperature of 
a cloud will dissolve it into vapour; and in this 
way you may often see clouds disappear in the air. 
If the wind be colder than the cloud, it will con¬ 
dense more vapour around it, and, by compressing 
the minute particles together, will assist their 
uniting into drops. If the mass of clouds be suf¬ 
ficiently great to resist the action of the wind, we 
may suppose that rain will be produced merely by 
the particles of condensed vapour in the middle of 
the clouds being compressed together. 

Frederick. — Then it appears that the wind is 
the principal cause of rain. 

Mr. P. — There is reason to believe that it is 
the chief agent; but there may be other causes 
which produce the condensation of vapour, that 
we are at present unacquainted with. We may. 
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however, take it for granted, that the vapour can¬ 
not be condensed until it has parted with the heat 
that kept it in a state of invisible vapour. 

Harriet. — I suppose, then, papa, that snow 
must be made from vapour that has lost all its heat? 

Mr. P. — Not all, Harriet, but sufficient to 
reduce its temperature to the freezing point. Snow 
we must suppose to be formed by the freezing of 
the minute particles of moisture as they are con¬ 
densed. The hoar frost upon grass and trees is 
formed in the same manner, and, if closely ex¬ 
amined, will be found to consist of a number of 
small crystals of ice. 

Frederick. — What causes the difference be¬ 
tween snow and hail ? 

Mr. P. — Snow is formed, as I have told you, 
by the freezing of the small particles of moisture 
before they are united into drops; hail, on the 
contrary, is first formed into drops, and is frozen 
as it descends to the ground. 

Frederick. — Yes, I understand now how it 
is; they are both frozen rain; only snow is frozen 
in the clouds as it is made, and hail is nothing 
more than rain frozen as it comes down. 

Mr. P. — I am glad, Frederick, you have so 
clearly explained the difference. The subject of 
this morning’s conversation is one of considerable 
difficulty and intricacy, if pursued in all its bear¬ 
ings ; but I trust I have given you a sufficient in¬ 
sight into the causes that may commonly produce 
rain, to enable you to understand them. 
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Harriet. — You have told us, papa, a great 
deal about heat and cold, but you have not yet 
said any thing about fire. 

Robert. — Every body knows that the fire in 
the grate comes from the coals. 

Mr. P. — Then every body is mistaken, Ro* 
bert. The fire does not come from the coals; 
they are only the means of bringing it into action t 
the heat comes from the air. 

Harriet. — You cannot mean, papa, that the 
coals do not bum when put on the fire ? 

Mr. P. I mean, my dear, that the heat, by 
which the coals are reduced to cinders and ashes, 
comes from the air and not from the coals ; and that 
they will not burn unless supplied with air. I will 
show you that air is necessary for the production 
of flame, by placing a lighted taper under a glass 
to exclude the air, W’hen you will perceive that the 
light will shortly be extinguished. (Mr. Powell 
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fastens a taper to a flat piece of corh^ and lets it 
foat on the surface of V)ater con» 
tained in a saucer. After lighting the 
taper^ he covers it with alargeglass^ as 
repy'esented in the annexed, wood-cut) 
Harriet. — The taper is going out, papa» 

Mr. P. — Yes. It is now extinguished. 
Frederick. — And the water has risen higher 
in the glass than it was before. 

Mr. P. — Part of the air has been consumed 
by the taper, and the water is, therefore, forced 
higher to supply its place. You may learn from 
this experiment, that a candle will not burn with¬ 
out air, and that the air is consumed by the burn¬ 
ing. The same holds good with regard to the 
fire; for when the supply of air is stopped, as it 
can be in some stoves, the fire goes out. 

Robert. — But how can the air burn, father ? 
Mr. P. — Before I attempt to answer that 
question, it will be necessary to give you some idea 
of the composition of the air, and of the property 
that all bodies, and more especially airs and va¬ 
pours, possess of containing heat in what is termed 
a latent^ or hidden, state. 

Harriet. — What do you mean, papa, by 
saying that all things can hide heat ? 

Mr. P. — When any substance receives a 
quantity of heat, without feeling hotter, the heat 
that it so receives is said to be latent; because it 
is hidden from the senses, and its existence in the 
E ^ 
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substance is not made apparent by the most sen¬ 
sitive thermometer. 

Robert. — Is it possible for any thing to be 
heated without becoming hotter? 

Mr. P.—Yes; without becoming sensibly hottery 
as I can readily convince you, if you will fetch me 
a piece of ice from the tub in the yard, that I saw 
frozen over this morning; and bring at the same 
time a pint of the water from under the ice. 

Robert. — [Bringing the ice in a basiny and 
the*water.) Here is the ice and the water, father; 
if there be any heat in them, it is so well hidden 
that I cannot find it out. 

Mr. P. — But the thermometer can, as you 
know, Robert, from your experience the other day. 
We do not call the heat in ice latent; for it is 
very sensibly warm, compared with a mixture of 
salt and snow. You see the ice and the water 
are of the same temperature; the thermometer 
stands in each at 32°. I will weigh a pound of 
ice, and put it into a saucepan over the fire. 
When melted, it will be nearly equal in bulk to the 
cold water, which I will put into another saucepan 
over the same fire. We shall see presently which 
is the soonest heated, (ikfr. Powell places the 
ice and the nx)ater on the Jive in separate saucepans*) 

Harriet. — As they both get the same heat 
from the fire, I suppose one will be as hot as the 
other. See, the ice is beginning to melt already. 

Robert. — Yes, it is quite clear that that is 
getting warm. 
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Mr. P. — Suppose, when the ice is nearly 
melted, you should find that the water is no hotter 
than the ice w’as at first; what would you think had 
become of all the heat it is now receiving from 
the fire ? 

Robert. — I should think the water could play 
at hide-and-seek a great deal better than I can ; 
but that cannot be, you know, father. 

Mr. P. — Take both saucepans from the fire, 
for the ice is just melted: put the thermometer 
into the water dissolved from the ice, and let us 
know how much heat it has gained. 

Robert. — {Holding the thermometer in the 
*mater,) Why, I declare, the quicksilver has fallen 
nearly to freezing! and the water really feels as 
cold as the ice did. 

Mr. P. — Now try the other water with the 
thermometer. 

Robert. — This seems to be nearly boiling, 
and the quicksilver is rising very fast. See, it is 
at 172° ! How very strange this is ! 

Frederick. — The water has, then, gained 
140° of heat, whilst the melted ice does not ap¬ 
pear to have gained any; though the same quan¬ 
tity of heat must have entered both. 

Mr. P.—The 140° of heat gained by the melted 
ice are latent in the liquid; that is, it has received 
140° of heat, in being converted from a solid into a 
liquid, without any sensible difference having been 
produced in its temperature. This quantity of heat 
seems necessary to keep water in a fluid state, and 
E 6 
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ittu^t be parted with before it can be again frozen. 
It Can be proved, by other experiments, that ice 
absorbs, when melting, 14Q^ of heat. For instance, 
if a pound of Water at 172° be mixed with a pound 
of ice at 32°, the temperature of the mixture would 
be only 32° instead of 102°, as it would be if equal 
quantities of water of those temperatures were 
mixed together: thus, 140° must have become 
latent, or concealed, in the melted ice. It is owing 
to this absorption of heat by water that the process 
of freezing is so very slow; for the water must first 
part with the heat that preserves it in a liquid 
state, before it can become solid. Were it not for 
this provision of Nature, connected with the pecu¬ 
liar deviation which water presents to the expan¬ 
sion of bodies by heat, as already noticed our 
rivers and lakes would speedily be frozen into 
masses during frost; and, on the first change to 
inilder weather, the snow on the ground would be 
almost instantly dissolved, and the land would be 
inundated by the melted torrents. 

Frederick. — What other things, besides 
water, contain heat hidden in this manner ? 

Mr. P. — All solid bodies, on becoming fluid, 
either by melting or dissolving, absorb much more 
heat than the thermometer indicates; and, in the 
melting of some metals, this quantity exceeds, by 
four or five times, the quantity absorbed by melting 
ice. When liquids are converted into airs or va- 
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pours, a still greater quantity of heat is rendered 
latent, than in the change of solids into liquids; the 
quantity of latent heat generally increasing in pro¬ 
portion to the increase of the bulk of any body by 
the change. When water is converted into steam 
(which occupies 1800 times the space of water), 
lOOO® of heat become latent during the increase of 
bulk; that is, when one pint of water of 212® is 
changed into 1800 pints of steam, which is also 
212®, the 1800 pints of steam will contain 1000® 
more of heat than the pint of boiling water from 
which it was made, as I explained to you in our 
conversation on steam. If the same steam be 
again condensed into water, its latent heat will be 
discovered, for it will give out as much heat as a 
pint of water would do if heated 1000® above 
boiling heat. 

Frederick. —Do you mean, father, that steam, 
which the thermometer will tell us is only as hot 
as boiling water, really is 1000® hotter? 

Mr. P. — The same might of steam contains 
1000® more of heat than the same weight of boil¬ 
ing water; though, as steam is 1800 times lighter 
than water, the same btdk of steam will not contain 
nearly so much heat as the same bulk of boiling 
water. As water in melting from ice absorbs 140®, 
and when in expanding into steam it absorbs 1000® 
more, steam we may consider as containing 1140® 
more of latent heat than ice. Steam, when formed 
at the temperature of boiling water, also contains 
180° more of sensible heat than ice at 32®; there- 
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fore the latent heat and sensible heat together 
will make the same weight of steam 1310° hot¬ 
ter than the same weight of ice. If we could 
suddenly condense a pint of steam into a pound 
of ice, the 1310° of heat would be given out, 
and would be sufficient to produce the appear¬ 
ance of flame. Now, what would take place in 
the case of steam, if it could be condensed at 
once into ice, does actually take place with air 
during the burning of coals upon the fire. 

Frederick. — Air, then, I suppose, contains 
hidden heat, in the same manner as steam. 

Mr. P. — Yes, my dear, it does; though the 
quantity of latent heat in air has not been ac¬ 
curately ascertained. That it does contain heat, 
however, may easily be made apparent, by sud¬ 
denly compressing air in a syringe with tinder 
placed at the bottom, for the compression of the 
air will cause it to give out sufficient heat to set 
fire to the tinder. 

Frederick. — Does air become solid, then, 
father, by burning in the fire ? 

Mr. P. — A great part of the air that is con¬ 
sumed is converted into water, which is 600 times 
smaller in bulk than air; and this condensation 
of air into water produces flame in fires. * 

* Lavoisier’s theory of combustion has been adopted to 
explain the cause of fire, because, whatever difficulties may 
attend the general application of this theory, it appears to be 
admitted that the heat and light evolved in common combus¬ 
tion are principally produced by the liberation of latent heat. 
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Harriet. — What, papa! do you mean that it 
is water that makes the fire burn ? That is the 
strangest thing you have told us yet; for water, 

’ we all know, puts out fire. 

Mr. P. — Yes, Harriet, it may seem very ex¬ 
traordinary, but it is the [fact; and though water 
extinguishes fire, no fire blazes without producing 
water. 

Robert. — Well, if fire and water are the same, 
I shall not believe my senses any more. 

Mr. P. —r Remember, Robert, they have failed 
you already in your attempts to distinguish hot 
from cold. 

Frederick. — But how is it, father, that air can 
be changed into water ? and in the fire too, where 
we always suppose there cannot possibly be any ? 

Mr. P. — To enable you to understand this 
interesting subject, it will be necessary to enter 
into an explanation of the nature and composition 
of the air of the atmosphere; and as that will 
occupy some time, I will postpone the consider¬ 
ation of it until to-morrow. 
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Frederick. — I am quite anxious, father, to 
know what the air can be made of, that it should 
be changed into water by the fire. 

Mr. P. — The air we breathe is composed of a 
mixture of two airs, or gases, called oxygen and 
nitrogen; in the proportion of one fifth part of 
oxygen to four fifths of nitrogen. It is the oxygen 
gas in the air that causes combustibles to burn in 
it. If that gas be taken away, the most combustible 
body will not burn in the remaining nitrogen ; 
and if any lighted substance be put into pure 
oxygen gas, it will burn with greatly increased 
brilliancy. I have prepared a jar of that gas, to 
enable you to see this effect. When I let this 
small lighted taper down into the jar, you will 
perceive how much more brilliant it will become. 
(Mr. Powell ties the taper to a piece of mre^ and 
i^hen lighted he introduces it into the jar of oxygen 
gas.) 

Harriet. - ‘ How very beautifully it burns ! 
It is almost too bright to look at. 
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Frederick. — What is that mist I see round 
the jar, father, now that the taper is burnt out? 

TMr. P.— That is the wter formed by the 
burning of the taper; and in that Water you see 
the oxygen gas condensed into a liquid. 

Robert. — Is it like common water? 

Mr. P. — Yes, it is water in its purest form. 
All water is composed of two substances; which 
we know, when separate, only in the form of gas: 
these substances are oxygen and hydrogen. Hy¬ 
drogen gas is sixteen times lighter than atmo¬ 
spheric air; yet, though so very light, it forms a 
great part of most combustibles^ with which it is 
united in a solid form. Hydrogen and oxygen 
gases have a very strong attraction for each other, 
so that when heated to 800° they instantly unite, 
and condense from the expanded form of gas 
into water, which is the product of their union. 
Water, therefore, is a mixture of hydrogen and 
oxygen. The proportions in which they unite to 
form water are, eight parts by ^weight of oxygen to 
one of hydrogen ; but as hydrogen gas is so much 
lighter than oxygen gas, the proportions, when 
measured by the hulk of the two gases, are eight 
measures of hydrogen to two measures of oxygen. 

Robert. — But how can it be known that water 
is a mixture of these two gases ? 

Mr. P. — By burning a mixture of oxygen and 
hydrogen gases in a closed vessel, the product is 
found to be water; and the quantity of water formed, 
is just equal to the weight of the gases burned. 
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Again, water may be separated into its two gases 
by passing steam through a red-hot tube contain¬ 
ing iron wire; for in this case the oxygen in the 
steam, having a greater attraction for the hot iron 
than it has for the hydrogen, unites with the wire, 
and leaves the hydrogen, which passes along the 
tube, and may be collected separately. The oxy¬ 
gen will become solid in the iron; and when the 
wire is taken out of the tube, it will be found to be 
covered with rust, and to be heavier than before, 
in consequence of its combination with the oxygen 
that previously existed in the steam. 

Frederick. — Then, is rust solid oxygen, fa¬ 
ther ? 

Mr. P.—It is oxygen united with iron ; and the 
rusting of iron is owing to its great attraction for 
oxygen. 

Robert. —But if the burning of the fire be 
owing to the condensing of oxygen from the air 
into water, by mixing with hydrogen, where does 
the hydrogen come from for it to mix with ? 

Mr. P. — From the coals, Robert, which con¬ 
tain a great quantity of hydrogen in a solid state, 
in the same way as rusted iron contains oxygen. 
The hydrogen in coals may be driven from them 
in the state of gas, by merely heating them in 
closed vessels, to prevent the hydrogen from unit¬ 
ing with the oxygen of the air. It is in this 
manner that the gas is produced with which the 
streets and shops are so brilliantly lighted. 

Robert. — But it very often happens, that the 
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fire does not blaze at all; and it seems to be hot¬ 
ter when the coals are of a bright red heat than 
when they are blazing. 

Mr. P.—The red heat in the coals is pro¬ 
duced ^by the union of the oxygen in the air with 
another substance in coals, that constitutes the 
principal part of their weight; this substance is 
charcoal, called by chemists carbon. Oxygen 
has, indeed, a greater attraction for carbon than 
it has for hydrogen; but their rapid union, so as 
to produce combustion, does not take place until 
exposed to a higher temperature than hydrogen. 
Now, when coals are heated in a fire-grate, the 
heat is sufficient to produce this rapid union be¬ 
tween the carbon, or coke, in the coals, and the 
oxygen of the air; and the red heat we see is oc¬ 
casioned b}’^ the oxygen uniting with the coke. 
The combustion that thus takes place is much 
slower than when oxygen unites with hydrogen, 
because the carbon, or coke, being solid, the union 
proceeds only on its surfaces; whereas, in the 
union of the two gases, it takes place through the 
whole mass. When the combination of the oxy¬ 
gen and carbon is quickened by a blast of air from 
the bellows, the heat is greatly increased; and in 
a blacksmith’s forge it is so intense, that the light 
given out is more brilliant than that of common 
flame. 

Frederick. — Does the burning of charcoal 
and oxygen form water, as well as the burning of 
oxygen and hydrogen ? 
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Mr. P.— No, my dear; the result of their 
union is a transparent gas, containing the carbon 
in solution, and called carbonic acid gas. This gas 
is sometimes called fixed air; ” and it is the 
same as that which is compressed into soda water, 
and which rises in bubbles in bottled porter, and 
many other fermented liquors. When a piece of 
charcoal is burned in oxygen gas, it entirely dis¬ 
appears, and is dissolved in the gas. The oxygen 
gas is then changed into carbonic acid gas, which 
is perfectly transparent, though it contains the 
charcoal in solution; and the weight of this gas is 
exactly equal to the weight of the oxygen and 
charcoal together. 

Frederick. — Is the flame of a candle pro¬ 
duced by the union of oxygen and hydrogen, 
or by oxygen and charcoal ? 

Mr. P. — It is by both ; for tallow and oil are 
composed of carbon and hydrogen. When the 
wick of a candle is lighted, the heat produced is 
sufficient to enable the hydrogen of the tallow to 
combine with the oxygen of the air, and form 
water. The carbon that was previously united 
with the portion of hydrogen consumed, is thus set 
at liberty; and, if the heat be sufficiently great, it 
also unites with a fresh portion of oxygen, and 
forms carbonic acid gas. But, as the carbon and 
oxygen require a greater degree of heat to enable 
them to combine than the hydrogen and oxygen, 
part of the carbon is frequently not burned, and 
rises in the form of smoke. 
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Frederick. —Then the light from the flame 
of a candle is produced by two burnings of two 
separate quantities of oxygen; firsts by its uniting 
with the hydrogen in the tallow, and then with the 
Carbon. 

Mr. P. — Yes. The hydrogen, as it requires 
less heat to combine with the oxygen, is the first 
to inflame, and gives that blue light you may 
perceive on the first lighting of a candle; then, 
as the carbon separates, and acquires sufficient 
heat, by the increase pf the flame, to unite with the 
oxygen, it also burns. But, as the hydrogen is the 
first to take the oxygen from the air, it frequently 
happens that the supply of air to the middle of the 
flame is not sufficient to afford oxygen enough to 
burn all the carbon liberated from the tallow or 
oil. This is the cause of common lamps so fre¬ 
quently smoking, and the defect is remedied in the 
Argand lamps by allowing a current of air to pass 
through the middle of the flame. By this method 
a sufficient supply of oxygen is obtained, and the 
lamp burns with greater brilliancy in proportion to 
the quantity of air consumed. 

Harriet. — I should never have supposed that 
so many changes and mixtures were taking place 
as the candle flames away, and the coals are burn¬ 
ing to ashes. 

Mr. P. — You must not suppose, Harriet, that 
the coals or the candle are absolutely consumed ; 
there is nothing destroyed by being burnt. 
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Harriet. — Not destroyed, papa! Why, what 
becomes of the candle and the coals ? 

Robert. — I suppose they are hidden, Harriet; 
and that, if you only knew how to look for them, 
you would see candles and coals piled up latent in 
the air, as heat is — ha, ha, ha ! 

Mr. P. — Very good, Robert, and more true 
than you seem to imagine. When any combustible 
substance is burned, the elements of which it is 
composed are merely undergoing a change of form, 
and are no more destroyed than sugar is destroyed 
by being dissolved in a cup of tea. 

Robert. —‘Then what becomes of the tallow 
in a burning candle, father ? 

Mr. P. — The hydrogen of the tallow, I have 
told you, forms water by its union with oxygen, 
whilst part of the carbon rises in smoke, and part 
of it also unites with oxygen, and forms a new 
kind of gas. When any substance is burned, the 
weight of the product, after burning, is greater^ 
instead of being less^ than it w^as before; and the 
increase of weight is equal to the quantity of oxy¬ 
gen united with it. Thus, if we were to collect 
the product of a burned candle, we should find 
that the water, and the carbonic acid gas, and the 
smoke, would weigh more than the original weight 
of the candle; and if it were burned in pure oxy¬ 
gen gas, we should find that the weight it had 
gained, was just equal to the weight of the oxygen 
gas consumed. Though w^e cannot reproduce the 
candle in the same shape as before, we can collect 
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all the materials of which it was made, mixed with 
another ingredient (oxygen) that increases the 
weight of the product 

Harriet. —Well, if fire cannot destroy things, 
I do not know what can. 

Mr. P. — Nor do I, Harriet All substances 
are indestructible; and, during the apparent de¬ 
composition of bodies, their component elements 
are merely undergoing new changes, to re-appear 
in another and more beautiful form. The changes 
that are continually going on in the w^orks of 
Nature afford some of the most interesting subjects 
of contemplation that can occupy the mind of man. 
In the vegetable world, for instance, we witness 
the progress of decay with each succeeding winter; 
and, to a spectator not favoured with the light 
which science affords, the leaves rotting upon the 
ground may appear as symbols of rapid and total 
destruction : but, to a more penetrating eye, the 
decomposition of those objects which during the 
summer months clothed the scene in beauty, is re¬ 
garded as a necessary process for resolving the 
vegetable matter into its original elements, to be 
again employed in renewing the foliage on the re¬ 
turn of spring. 
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Mr. P. — What a beautiful day this is! and I 
am glad to see the barometer promises a continu¬ 
ance of such weather. 

Harriet. — How is it, papa, that you can tell, 
by looking at the barometer, what kind of weather 
it is likely to be ? 

Mr. P. — The mercury in the tube rises or 
falls as the air becomes lighter or heavier, and we 
can generally tell by the weight of the atmosphere 
what kind of weather to expect. 

Frederick. — Then does the weight of the 
atmosphere vary, father ? I thought it was about 
equal to a pressure of fifteen pounds on every 
square inch. 

Mr. P. — That is about its usual pressure, but 
its actual weight is continually varying; as we 
know by the height of the column of mercury it 
will sustain in the barometer. The extent of this 
variation in England is as much as three inches; 
that is, the atmosphere will at one time be capable 
of supporting a column of mercury thirty-one 
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inches high, whilst at other times it will not sup¬ 
port more than a column of twenty-eight inches. 
The weight of a column of mercury thirty inches 
high, and one inch square, is fifteen pounds; there¬ 
fore each inch weighs half a pound, and it requires 
half a pound of pressure on every square inch to 
raise the mercury one inch in the tube. Thus, 
you perceive that the pressure of the atmosphere 
varies in England as much as a pound and a half 
on every square inch, which is one tenth part of 
its whole w'eight. 

Frederick. — Does the real weight of the air 
alter with its change of pressure on the earth ? 

Mr. P. — That is generally the case; for the 
air being an elastic body, it expands, and, conse¬ 
quently, becomes lighter, when any of the pressure 
is removed. Whenever part of the pressure from 
the air above is taken away, the air expands in 
proportion to the diminished pressure; therefore, 
by knowing the change of pressure, you can gene- 
rally ascertain its change of weight. Under cer¬ 
tain circumstances, however, the pressure may 
continue the same, though the air becomes lighter, 
as I shall soon explain; but before we proceed 
further, I will make you acquainted with the con¬ 
struction of the barometer. 

Harriet. — Shall you take yours to pieces, 
father ? 

Mr. P.— No, Harriet; I shall be able to show 
you the nature of it as well with this barometer 
tube. It is thirty-six inches long; and when I fill 
it with mercury, and irtvert it in a cup full of the 
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same fluid, part of the mercury will run out, leav¬ 
ing a vacuum at the top; but a column, equal to 
the pressure of the atmosphere, will remain sus¬ 
pended in the tube. 

Harriet. — Why does it not all run out ? 

Mr. P. — Because the pressure of the atmo¬ 
sphere on the outside prevents it. I wull put the 
cup of mercury, with the’tube, under the receiver 
of the air pump, and by exhausting the air the 
mercury will descend. [Mr. Powell adjusts the 
tube into the top of the receiver^ and begins to ex¬ 
haust the air.) Observe, the mercury falls as I 
remove the pressure. 

Harriet. —Yes, I see it is now within a few 
inches of the quicksilver in the cup. 

Mr. P. — When I admit the air again, the 
pressure will force the mercury up the tube as high 
as before. Look ! it is rising rapidly. 

Harriet. — Yes, it is as high as ever. 

Mr. P. — It remains suspended about thirty 
inches from the surface of the mercury in the cup; 
therefore the weight of a column of mercury of that 
height is equal to the weight of a column of air, of 
the same size, reaching to the top of the atmosphere. 

Frederick. — Then, I suppose, if a tube were 
filled with a liquid lighter than quicksilver, it would 
require a much higher column to balance the 
weight of the atmosphere. 

Mr. P. — You are right, Frederick. A column 
of water thirty-four feet in height would be re¬ 
quired to balance the pressure; and of spirits it 
would require a still higher column. 
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Frederick. —If the pressure of the atmosphere 
depend upon the height and weight of the column 
of air above us, I should suppose that at the top of 
high hills the pressure must be less, as the column 
of air above must there be shorter. 

Mr. P. — That is exactly the case; and the 
mercury in the barometer falls when the instru¬ 
ment is elevated. Indeed, a very sensitive baro¬ 
meter would indicate a difference in the weight of 
the air on the ground and on the chimney-piece. 
The barometer is now commonly used to measure 
the heights of mountains. 

Robert. — How much does the quicksilver 
fall as the barometer ascends ? 

Mr. P. — It is ascertained that the weight of a 
column of air eighty-seven feet high (when the at¬ 
mosphere supports thirty inches of mercury) is 
equal to the weight of a column of mercury one- 
tenth of an inch high; therefore, when the baro¬ 
meter is raised eighty-seven feet in the air, the 
mercury falls one-tenth of an inch. 

Robert. — Then would it fall one-tenth of an 
inch for every eighty-seven feet of height ? 

Mr. P. — No, my dear; for as we ascend higher, 
the air becomes more rarefied, in consequence of 
the pressure upon it being diminished; therefore 
a second column of eighty-seven feet will not weigh 
so much as the first, and the barometer must be 
elevated more than eighty-seven feet to cause the 
mercury to fall one-tenth of an inch. At the height 
of seven hundred feet, for instance, the weight of 
F 


98 


THE BAROMETER. 


a column of air eighty-nine feet high is only 
equal to the weight of a column of eighty-seven 
feet near the ground. 

Harriet. — Why is a thermometer fixed to a 
barometer frame ? 

Mr. P. — The weight of the mercury in the 
barometer tube varies according to the change of 
temperature, as I showed you in the experiment 
with heated mercury in a former conversation.*' 
When the mercury is made lighter by heat, it 
rises higher in the tube, even when no change has 
taken place in the pressure of the-air. In accurate 
observations, therefore, it is necessary to know the 
degree of expansion, that allowance may be made 
for it, in calculating the weight and pressure of 
the atmosphere. 

Harriet. —What makes the air heavier at one 
time than at another ? 

Mr. P. — That is a very puzzling question, 
Harriet, and one on which philosophers are not 
agreed. 

Robert. —I should think there cannot be much 
difficulty in the matter; for as heat expands air, 
and makes it lighter, the change must depend upon 
hot and cold weather. 

Mr. P.—There is much more difficulty, Robert, 
than you conceive. Most persons who have not 
attended to the subject would, I dare say, think 
with you, that when the air is lightest the pressure 

* Conversation V. on Expansion by Heat, p, 35. 
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is the least, but we find that in the hottest weather 
the barometer is often the highest. 

Robert. — But if the pressure of the air be 
owing to its weight, the pressure must be least 
when the air is lightest. 

Harriet. — Yes, papa, I think Robert must 
be right there. 

Mr. P. — I do not wonder at your thinking so; 
and those persons who are more pleased with 
sounds than with philosophical researches would 
pronounce Robert’s logic to be unanswerable, and 
without paying more attention to the matter, be 
content to remain in ignorance all their lives. 

Frederick. — I confess I thought what Robert 
said was very true ; for if a column of air reaching 
from the ground to the top of the atmosphere 
weighs, when the air is heavy, only fifteen pounds, 
how can it weigh as much when the air is light ? 

Mr. P. — If we take for granted, as you seem 
to do, that the whole atmosphere is equally af¬ 
fected by change of temperature, then the expan¬ 
sion of the air by heat would raise the atmosphere 
higher; and in this way it might make up, by its 
increased height, for the loss of specific gravity. 

Frederick. — I had forgotten that the atmo¬ 
sphere might rise higher at one time than another. 

Robert. — But is the atmosphere raised higher 
in hot weather, father ? 

Mr. P. — We may, perhaps, safely conclude 
that in summer time, when the air in this part of 
the globe is more heated than in winter, bur 
F 2 
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atmosphere is actually higher; but partial changes 
of temperature near the surface of the earth, of 
mere local extent, can have but a slight effect in 
elevating the atmosphere. 

Robert. — But if the pressure of the atmo¬ 
sphere be not changed by the air being made lighter, 
I cannot think what else can produce any change 
in its weight. 

Mr. P. — The principal cause of the variation 
of the pressure I believe to be the wind. 

Robert. — How can the wind alter the pres¬ 
sure of the atmosphere? 

Mr. P. — The horizontal motion of the air 
may diminish it^s pressure. Air is subject to the 
same laws that regulate other liquids in motion, 
and we find that a quick horizontal motion com¬ 
municated to fluids, not only diminishes their 
perpendicular pressure, but absolutely suspends it 
altogether. Thus we see water spouting out ho¬ 
rizontally to a considerable distance from a hole 
at the bottom of a water-tub; the gravitation, or 
weight of the w^ater, being suspended by the force 
with which it is impelled in a horizontal direction. 
In the same manner we may suppose the weight 
of the atmosphere becomes affected by currents of 
air, which w hen in motion have the whole or part 
of their weight suspended: and the pressure is 
lessened according to the depth of the current 
and the rapidity of its motion. 

Robert. — The effect of motion on the weight 
of the air is, then, the same as upon solid bodies; 
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for I know that ice will often bear a person, 
when skating quickly over it, that would break 
if he were to stand still. 

Mr. P. — Yes, that is a good illustration of the 
effect of horizontal motion in diminishing perpen¬ 
dicular pressure. The throwing of stones, the 
firing of cannon balls, &c., are also instances of 
the same power exerted on solid bodies, and 
suspending, for a time, all their weight. I can show 
you a very curious experiment that will illustrate 
the effect of horizontal motion upon air most 
remarkably. 

Harriet. — Pray do, papa, 

Mr. P. — You perceive that in the side of this 
tube, open at both ends, there is a small hole. 
Now I will place this hole close to the flame of 
the candle whilst I blow through the tube, and 
you will observe that the flame, instead of being 
blown away, as you might suppose, will be drawn 
in towards the hole. {Mr. Powell blows through 
the tube^ and the Jlame is evidently attracted to the 
hole^ at which the children express much surprise,) 
Robert. — Well, I cannot think how that can 
be, if you blew, father, and did not draw in your 
breath. 

. Mr. P. — You may try the experiment your¬ 
self, Robert. (Robert 
blows through the tuhe^ in 
the manner represented in 
the annexed woodcut with 
the same result i and then 
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Frederick and Harriet also try the experiment 
with similar success^) You seem to be quite asto¬ 
nished ; but the wonder is easily explained on the 
principle of horizontal motion removing atmo¬ 
spherical pressure. Whilst the air inside the tube 
was at rest, it exerted a pressure against the in¬ 
terior, equal to the pressure of the atmosphere 
on the outside; consequently, both forces being 
eqilal, they balanced each other. But when you 
blow through the tube, the pressure of the air 
against the inside is diminished by the motion, and 
the pressure of the atmosphere on the outside 
forces the air into the hole, and carries with it the 
flame of the candle. 

Robert. — Then the harder you blow the 
greater will be the draught of air into the hole ? 

Mr. P. — Yes, if the tube be enlarged towards 
the end, to admit a more free passage of the air; 
but if the air be obstructed in its progress, it will 
be compressed, and force itself through the hole. 

Harriet. — It is a very curious experiment. 

Mr. P. — The same effect may be produced 
by blowing between two slips of paper, about six 
inches long, and three inches wide. If you place 
the slips of paper over one another and hold two 
of the corners together, so that when applied to 
the mouth you can blow between them at their 
narrowest edge, the effect of the blast of air will 
be to bring the two slips of paper closer than 
before, instead of to separate them farther, as you 
might suppose it would. These experiments afford 
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a very good illustration of the effect of wind in 
lessening the pressure of the atmosphere. 

Robert. — Does the barometer fall during 
wind? 

Mr. P.—Yes, my dear; the mercury never falls 
so low nor so suddenly, as during a high wind. 

Robert. — But if the motion of the air -take 
off the pressure, it ought, during a very high 
wind, to remove it altogether. 

Mr. P. — And so, perhaps, it would if the 
whole atmosphere were in rapid motion. The 
winds near the earth, however, do not extend very 
high in the atmosphere, and a much greater pro¬ 
portion of the air has its perpendicular pressure 
undisturbed. 

Frederick. — But does not the barometer 
often fall when there is no wind ? 

Mr. P. — It often varies when the wind is 
scarcely perceptible to us; but there are continual 
currents in the upper air which we cannot per¬ 
ceive ; and it is to these that the changes in the 
pressure are to be generally attributed. 

Frederick. — Does the barometer vary as 
much in all parts of the world as it does in 
England ? 

Mr. P. — Not by any means. Its greatest 
variations take place in the temperate zone. In 
the tropics, indeed, where the wind generally 
blows in one direction for months together, the 
barometer seldom varies, excepting during storms. 
This fact confirms the opinion that these changes 
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are owing tq the winds. In our own variable 
climate, the wind is not often settled for three 
days following; but when it does continue to blow 
from one quarter, we generally find the barometer 
either to rise or fall during the whole time.—The 
changes that are continually taking place in the 
pressure of the atmosphere are severely felt by 
persons in delicate health, and it is only sur¬ 
prising that we do not feel them more. To raise 
the mercury one inch, the pressure of the atmo¬ 
sphere must have increased half a pound on 
every square inch of surface of our bodies; it 
must, therefore, increase the whole external pres¬ 
sure, on an average, about eight hundred pounds. 
A change to this extent often occurs in a few 
hours, yet most of us are not aware of any change 
in the pressure on our bodies. The whole pres¬ 
sure of the atmosphere, on the body of a moderate 
sized man, may be estimated at twenty-five thou¬ 
sand pounds. 

Frederick. — Can you explain to us, father, 
how it is that we are able to bear so great a pres¬ 
sure without feeling it ? 

Mr. P. — The elasticity of the blood, and of 
the air contained in the body, counteracts the 
effects of the external pressure. When the weight 
of the atmosphere is increased, the change is gene¬ 
rally communicated, through the lungs, to all the 
animal fluids so gradually that the variation is not 
perceived; but when the change is so sudden as 
not to allow time for the densities of the fluids 
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and air vessels to accord with the altered pressure, 
considerable pain is experienced. In diving bells, 
for instance, as the weight of water above com¬ 
presses the air within, if the bell be lowered 
quickly a most painful sensation is produced, par¬ 
ticularly in the eyes and ears, owing to the in¬ 
creased pressure.. 

Thomas. — You have not told us yet, father, 
how it is that the barometer can tell what kind of 
weather we are to have. 

Mr. P. — Not long after the invention of the 
barometer, it was discovered, that when the mer¬ 
cury was high the weather was generally fine; 
and, on the contrary, that the fall of the mercury 
was followed by rain. It was, therefore, called a 
weather glass. The cause of these phenomena 
attending the rise and fall of the barometer is 
not yet very accurately ascertained. The com¬ 
monly received opinion is, that as the air becomes 
light and unable to sustain the clouds, they de¬ 
scend in rain. 

Frederick. — Does rain always follow after 
the fall of the mercury ? 

Mr. P.—Very frequently not; and sometimes, 
indeed, we have fine weather when the barometer 
is very low; and, on the contrary, we have rain 
when the mercury is high in the glass. The ba¬ 
rometer will often be rising gradually, day after 
day, though it is raining all the time; but when 
the barometer has risen or fallen for several suc¬ 
cessive days, such rise or fall is generally fol- 
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lowed by fine or stormy weather. We can, in 
general, judge with more correctness of the wea¬ 
ther by knowing whether the mercury be rising 
or falling, at the time, than by the height at which 
it actually stands. Thus, if the mercury be at 
so inches, which is marked “ fair on the scale, 
yet if we find, on gently shaking the barometer (to 
disengage the mercury from the glass), that it is 
falling lower, we may expect rain. — Our convers¬ 
ation has been longer than usual this morning, 
but the pressure of the atmosphere varies so ma¬ 
terially in this country, and the causes of its vari¬ 
ation are, generally, so little understood, that I 
thought it advisable to enter more into the sub¬ 
ject. It is one attended with considerable dif¬ 
ficulty, and though, to me, the explanation! have 
given of the changes in atmospheric pressure 
seems sufficient to account for all the phenomena, 
there are many persons who think it necessary to 
adduce various other causes to explain them. The 
vapour in the atmosphere is supposed by some to 
be chiefly instrumental in producing the changes 
in the barometer, but it can be readily shown, 
that the mercury rises and falls quite independ¬ 
ently of the quantity of vapour in the 'air. Up¬ 
ward and downward currents of wind are also 
supposed to have great influence on the weight of 
the atmosphere; but the horizontal motion of the 
air appears to me to be sufficient to account for 
all the changes in its pressure. 
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Mr. P. — I yesterday attributed all changes in 
the pressure of the atmosphere to the motion of the 
air, we will now proceed to consider the causes of 
that motion. Can any of you form an idea upon 
the subject? 

Frederick. — The winds may be caused, per¬ 
haps, by the heat of the sun expanding the air. 

Mr. P. — You are very near the truth, Fre^ 
derick. When a portion of the atmosphere near 
the earth is expanded by heat, it becomes lighter 
than the air above, and ascends till it arrives at a 
stratum of air as light as itself. The surrounding 
heavier air rushes to supply the place of that which 
is ascending; this air, in its turn, also becomes 
heated, and ascends; and in this manner a current 
of air is produced, rushing towards the heated 
space. 

Frederick. — Does not the same thing hap¬ 
pen in a room with a fire, for we always find a 
draught of air from the door and windows towards 
the fire-place ? 
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Mr. P. — That is a very correct illustration, 
Frederick. The air, as it is heated, rises up the 
chimney, and the colder and heavier air rushes 
into the room to supply its place. Were the earth 
and sun stationary, the wind would be always 
blowing towards the same point; but the diurnal 
revolution of the earth, and its motion round the 
sun, cause a constant change in the part most 
heated by the sun’s rays. 

Robert. — But as the sun rises in the east and 
sets in the west, the wind ought always to follow 
in the same direction. 

Mr. P. — And so, in all probability, it would, 
if our globe were covered with water, instead of 
being divided into water and land, mountains and 
valleys. 

Robert. — How can the hills, and valleys, and 
seas, alter the winds? 

Mr. P. — In a variety of ways, my dear. The 
sun’s rays, when striking upon the ocean, pene¬ 
trate deep into the body of the water, heating the 
whole mass ; therefore a comparatively small por¬ 
tion of heat is reflected into the air. The greater 
evaporation from water, too, cools its surface, and 
both causes contribute to prevent the air over 
water from being nearly so much heated as the air 
on the surface of dry land. The hills and moun¬ 
tains act as so many screens to check and alter 
the course of the wind. They also cool the air 
as it passes over their snow-capped summits; and 
in consequence of the elevation of the land, the 
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temperature of many places, even under a vertical 
sun, is much colder than any we experience in 
this country. Every circumstance that tends to 
change the temperature of the air produces a 
variation in the winds: they must even be affected 
by the passing clouds, which screen the direct heat 
of the sun from the earth, and thereby check the 
expansion of the air. 

Frederick. — Do the winds, then, never blow 
regularly ? 

Mr. P. — Yes, my dear, in those parts of the 
world where the causes I have mentioned as pro¬ 
ducing changes in the wind do not operate with 
sufficient force to counteract the power of the sun. 
On the Atlantic and Pacific oceans the wind blows 
constantly in the direction of the sun’s course, 
throughout nearly all the space included between 
the SOth degrees of north and south latitude. 
These winds are called the trade mnds^ from their 
great importance to navigators: their direction is 
nearly east at their farthest limits from the equator, 
but they gradually incline towards the equator as 
they approach it. 

Frederick. — Would not the trade winds blow 
as regularly if that part of the world were dry 
land instead of being covered with water ? 

Mr. P. — No; their regularity is owing to the 
absence on the ocean of the causes which produce 
changes in the wind on land; the water of the 
ocean being there of nearly one equal temperature, 
and presenting no elevations to check or alter the 
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course of the wind. Even the trade winds become 
changeable near land, and in the Indian Ocean 
their regular course is so much affected by the 
changeable temperature of the land on the Con¬ 
tinent of Asia, that, instead of blowing throughout 
the year in one direction, the winds blow for six 
months from the north-east, and for six months 
from the south-west. This change takes place as 
the position of the sun is removed from the 
northern to the southern side of the equator: 
these winds are called monsoons. 

Robert. — How can the land on the continent 
of Asia produce this regular change ? 

Mr. P. — During our summer months, w^hen 
the sun is north of the equator, the land on the 
north of the Indian Ocean becomes intensely hot, 
and the air, being rarefied, rises, and causes a cur¬ 
rent of wind to set in from the sea towards the 
land, to supply the place of the ascending air. 
When the sun is south of the equator, the land 
becomes cooler than the Indian Ocean, and the 
current of air is consequently changed. The dif¬ 
ferent effects of water and land in expanding the 
air, and varying the course of the wind, are 
strikingly exhibited in the land breezes and sea 
breezes of tropical climates. The sea breeze sets 
in every morning about ten o’clock, and blows 
with delightful freshness towards the shore; and 
in the evening the land breeze begins to blow- 
towards the sea, and continues in that direction 
throughout the night. The sea breeze is pro- 
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ducecl by the greater rarefaction of the air over 
land during the day, which causes the cooler air 
from the sea to rush towards the shore. The land 
breeze, on the contrary, is owing to the more 
rapid cooling of the land during the night; for 
the air as it cools being condensed, a partial va¬ 
cuum is formed, which is supplied from the upper 
atmosphere; and the land air being then heavier 
than the air over the water, rushes towards the 
ocean as the lighter air ascends. 

Harriet. — I have been thinking, father, that 
as the world is always turning round, its motion 
must move the air, and cause a wind. 

Mr. P. — The air moves round with the earth; 
therefore, as we are all moving together, we are 
not sensible of its motion. If the air did not move 
with the earth, we should be forced against it with 
so much velocity as to produce a wind ten times 
stronger than that of a hurricane; nothing could 
withstand the force of its resistance; and all ob¬ 
jects exposed to the action of such a wind would 
be either levelled with the ground, or carried 
round the world. 

Frederick. —Does not the motion of the earth, 
then, give any motion to the air that we can per¬ 
ceive ? 

Mr. P. — It is supposed, by many philosophers, 
that the rotary motion of the earth causes the 
trade winds to blow from the east instead of from 
the north, in consequence of the earth at the 
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equator moving much more rapidly than it does 
farther north or south. 

Frederick. — How is that, father ? 

Mr. P. — If you look at this globe you will 
perceive that the different circles drawn round it, 
to mark the latitudes, diminish in size as they ap¬ 
proach the poles. Now these circles represent 
the comparative spaces through which any point 
upon them moves at one revolution. This circle, 
near which St. Petersburgh is placed, is only one 
half the size of that round the middle of the globe; 
yet, as both move round in the same time, any 
point on the central circle must move twice as fast 
to complete its journey as St. Petersburgh, which 
is in the sixtieth degree of latitude. 

Frederick. — Yes, I see that, as I turn the 
globe round, the parts near the equator move so 
quickly, that I cannot distinguish them; whilst 
the places near the pole are moving so slowly that 
I can read their names. How is this difference in 
the motion supposed to alter the direction of the 
trade winds ? 

Mr. P. — Those who ascribe the effect to this 
cause take it for granted that the wind from 
northern latitudes in moving towards the tropics 
must have a motion directly south. Now, as the 
air at the equator is moving round with the world 
at the rate of about 1000 miles an hour, whilst the 
air at St. Petersburgh is moving with only half 
that velocity, if a portion of the air from St. Peters¬ 
burgh could be conveyed in one hour to the equator, 
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when it arrived there it would be 500 miles west 
of the longitude of that capital, because the land 
at the equator would have moved through a space 
of 1000 miles in the hour, whilst the rotary motion 
of the St Petersburgh air would be only 500 miles 
in the same time. If the same air were to be 
twenty-four hours in completing its journey to the 
equator (still retaining its comparatively slow 
rotary motion of 500 miles an hour, whilst the 
equatorial land was moving at the rate of 1000), 
by the time of its arrival there, the air at the 
equator would have completed one whole revolu¬ 
tion, whilst the air from the north would have 
completed but one half, and would arrive at the 
equator on the opposite side of the globe to that 
from whence It commenced its journey. All ob¬ 
jects turning round with the globe, on coming in 
contact with air not moving so fast as themselves, 
would strike against the slow-moving air, and the 
sensation produced would be the same as if the 
wind were blowing against them. Thus, such a 
wind as we have been supposing, though really 
not travelling so fast as other objects by 500 miles 
an hour, would appear to be blowing against them 
with that degree of velocity; and as the motion of 
the earth is from west to east, the wind would 
seem to be blowing from east to west. 

Robert. — Just in the same way, I suppose, as 
the wind always seems to me to be blowing in my 
face when I am running. 

Mr. P. — Yes; just so* 
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Robert. — But if the world really does slip 
from under the air, winds blowing south must lose 
ground, and appear to be blowing east; and that 
would really account for the east trade winds. 

Mr. P. — Yes, Robert, if the w'orld do slip 
from under the air; but there appears to be no 
sufficient reason to imagine that it does so to an 
appreciable extent. When any portion of the air 
in the northern hemisphere is moving south, 
towards the tropic of Cancer, this motion, we may 
presume, is caused by the rarefaction of the air 
drawing, or impelling, the wind towards some 
particular point; and as this point revolves with 
the earth, we must suppose that the attraction 
would be sufficiently powerful to draw towards 
that point the air which it has once set in motion, 
so long as the attractive power continued in force. 
For instance, suppose a rarefaction of the air over 
the great sandy desert of Africa were to attract 
the air over London, and cause it to move directly 
southward at the rate of twenty^five miles an hour, 
the force of this attraction would prevent the air 
from shifting westward, and would continue to 
draw it towards the same point so long as the 
cause was in operation, however much faster that 
point might be moving round than the air it 
attracts. Wind travelling from London to the 
desert of Africa, at the rate of twentv-five miles an 
hour, would have an average tendency westward 
of about four miles at the end of each hour; but 
the attraction southward, and the friction from 
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the surface of the earth and from the air, in the 
course of twenty-five miles, would be sufficient to 
communicate to the air the extra rotary motion of 
the land nearer the equator, as the wind proceeded 
southward. 

Frederick. — Is wind produced by any other 
cause besides heat ? 

Mr. P, — As the attractions of the sun and 
moon are sufficiently powerful to draw the water 
of the ocean from its level, and to cause the tides, 
we may presume that they would have great power 
in attracting the more volatile air. If this be the 
case, the atmosphere must be subject to tides as 
well as the ocean. Though these ebbs and flows 
of the air may not be perceptible near the earth, 
any more than the ebbs and flows of the ocean 

* The oblique motion of water poured upon a globe 
revolving round a perpendicular axis has been adduced as an 
illustration of the manner in which the air in moving south¬ 
wards receives a westerly direction; but this illustration is 
far from being a correct representation of the motion of the 
air; for the point of attraction, drawing the water to the 
ground, is stationary; whereas, in the case of the winds, the 
attracting power revolves with the globe. — It has been con¬ 
sidered advisable to give the foregoing account of Hadley’s 
rotary theory of the trade winds, and to state some of 
the objections that may be urged against it, though the sub¬ 
ject does not altogether come within the province of the 
present work, because this theory has been stated, in some 
elementary works in deservedly great repute, as if it were 
indisputably true, and the juvenile mind might thus be led 
to consider a very questionable, if not altogether erroneous, 
theory as a fundamental truth. 
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are at the bottom of the sea, yet they may exert 
considerable influence in altering, checking, and 
accelerating the upper currents of air. * 

Robert. — You did not mention the moon, 
father, yesterday, in speaking of the pressure of 
the atmosphere; yet it must have great power in 
altering the pressure, if it can draw the air after it. 

Mr. P. — No, I did not, because I conceive 
the chief influence the moon can possess, in varying 
the pressure,of the atmosphere, must depend upon 
its producing upper currents of air, and the cause 
of these currents I deferred speaking of until we 
considered the causes of the winds. 

Robert. — But if the moon raise the atmo¬ 
sphere higher without lessening the weight of the 
air, surely the pressure must be greater in that 
part? 

Mr. P. — No, Robert; the attraction of the 
moon would be fully adequate to keep off the 
pressure of the extra quantity of air it accumulated; 
therefore, though the quantity of air would be 
heavier if the moon’s attraction were removed, 

* Among the many theories advanced to account for the 
phenomena of the winds, one of the most novel is that 
lately published in an American scientific journal, in which 
all air in motion is supposed to be revolving round a cen¬ 
tral point. This revolving motion would account for the 
frequently observed partial actions of storms, but it would 
scarcely be reconcileable with the general motion of the 
winds, nor does the proposer of the theory show very clearly 
how the air could receive this gyratory motion. 
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yet as that attraction would continue as long as 
the atmosphere was raised by it, the pressure would 
not be increased. 

Frederick. —• How fast does the wind usually 
travel? 

Mr. P. — In a very high wind the air travels 
at the rate of one hundred miles an hour. Aero¬ 
nauts have been carried in balloons the distance of 
seventy miles within the hour, and yet they could 
not have travelled as fast as the wind itself. 

Frederick. — The power of the wind must be 
very great when blowing at such a rapid rate. I 
wonder their balloon was not blown to pieces. 

Mr. P. — As the machine sailed along with the 
current there would be little resistance, and the 
aeronauts would scarcely feel any wind. Had the 
balloon been fixed, it would have been blown to 
pieces instantly. The force of the wind increases 
according to the squares of the velocity, so that 
when the velocity of the wind is doubled, its force 
is increased four times. 

Harriet. — What is the force of wind when it 
is blowing one hundred miles in an hour ? 

Mr. P. — Such a wind, it is calculated, would 
act with a power of forty-nine pounds on every 
square foot of surface presented directly to its 
action. 

Harriet. — No wonder, then, that chimneys 
are blown dowm and trees uprooted by a high wind, 
if it have so much force. I am only surprised that 
more damage is not done. 
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Mr. P. — The wind does not often travel at so 
rapid a rate as one hundred miles an hour. It is 
estimated that what is termed a high wind” travels 
at the rate of about thirty miles an hour, at which 
rate it would strike objects with a force of upwards 
of four pounds on every square foot. Those ob¬ 
jects only whose surfaces are placed directly against 
the wind feel its full effect. If the surface be 
rounded, or placed obliquely to the wind, a great 
part of the force is lost, and the air is reflected 
obliquely from the object. In the same manner, 
when you throw a ball obliquely against a wall, it 
bounds off in a direction equally oblique, and does 
not strike the wall with nearly the force it would 
have done if thrown directly against it. — The 
subject of reflection is one well deserving of par¬ 
ticular investigation, as it will serve to explain 
many phenomena of common occurrence; I shall, 
therefore, reserve it for a future occasion. 
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Mr. P. — As I intend to explain to you, in the 
course of our present conversations, the nature of 
vision, it is advisable you should previously have 
some acquaintance with the properties of light, by 
means of which the organs of vision are brought 
into action. We cannot do better, therefore, than 
direct our attention to the subject this morning. 

Robert. — Why, what is there to be said 
about light, father, that we do not all of us know 
already? 

Mr. P. — There is a great deal more to be 
learned about it, Robert, than any one at present 
knows; and more, perhaps, than will be ever dis¬ 
covered by the mind of man. Even respecting 
the very nature of light philosophers are at fault; 
but it is generally supposed to be a material sub¬ 
stance, composed of particles infinitely small. 

Harriet. — Light a substance, papa ! what, a 
thing that can be touched and handled ? 

Mr. P. — Material substances may exist which 
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it is impossible for you to handle. The air, for 
instance, is quite imperceptible to the touch, 
though its materiality can be rendered evident to 
the senses in other ways; yet air is supposed to be 
more dense, compared with light, than quicksilver 
is compared with air. The sun is the grand 
source of light, and it is imagined, by many, that 
the particles of light are constantly emitted from 
that body, which must, conse(|uently, be daily 
diminishing in size and brightness ; but the more 
generally received opinion is, that light exists 
throughout the universe as a separate elastic fluid, 
and that this fluid is brought into action by having 
a vibratory motion given to it, in some unknown 
manner, by luminous bodies. Respecting the 
nature of light, it must be acknowledged that we 
are in extreme ignorance; yet many of its general 
properties are well understood, and it is with these 
I wish to make you acquainted. Wise as you seem 
to consider yourself on this subject, Robert, I will 
venture to say, you can scarcely answer a single 
question respecting it. Can you, in the first place, 
tell me how fast light travels ? 

Robert. — Light travels ! What is it you 
mean, father? 

Harriet. — Why, Robert, you are puzzled at 
first starting: but do tell us, papa. 

Mr. P. — It has been ascertained that light 
travels, or is communicated, from the sun to the 
earth in seven minutes and a half, which is at the 
rate of 192,500 miles in a second of time. This 
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is a degree of speed of which we can form no con*- 
ception; for a body moving at that rate would 
travel eight times round the world whilst you 
were counting one.” The transmission of light 
from objects on the earth’s surface seems, there¬ 
fore, to be instantaneous; and an object is seen as 
soon as the liffht issues from it. 

o 

Frederick. —Does the light from other bodies, 
then, travel as quickly as that from the sun ? 

Mr. P. — There is every reason to believe that 
it does. 

Harriet. — Do you mean, papa, such light as 
comes from the fire and from candles ? 

Mr. P. <— I mean, my dear, the light from all 
objects. 

Harriet. — What! do trees, and fields, and 
houses, send out light? 

Mr. P. — Yes, Harriet: you would not see 
them if they did not; nor should I now see you 
if every part of your face were not sending out 
rays of light to my eyes. The light, however, that 
proceeds from such objects is not their own, it is 
borrowed from the sun, or from other sources 
of light, and is reflected from their surfaces. The 
degree of this reflection varies according to the 
nature of the surfaces of the reflecting bodies, 
some of which reflect much more light than others. 
It is this difference in their powers of reflecting 
light that causes the difference in the brilliancy of 
objects. The greatest quantity of light is reflected 
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from a finely polished mirror, and the least from 
an unpolished black surface. 

Robert. — But the surface of a looking-glass, 
placed in the light of the sun, appears almost 
black, excepting when you look in the direction 
of the reflection. 

Mr. P. — It does so, Robert; and the more 
perfectly the light is reflected, the darker does the 
reflecting surface appear, when not viewed in the 
line of reflection. 

Harriet. — But how can that be, papa, if, as 
you said just now, those things appear most bril¬ 
liant that reflect the most light? 

Mr. P. — The difficulty will vanish, I trust, on 
a little further investigation into the properties of 
light. You must understand that the rays of 
light, by means of which all objects are seen, are 
of themselves actually invisible, unless received 
directly upon the eye; and that it is only when 
reflected directly to the eye that they become 
apparent. 

Harriet. — You seem determined to puzzle us 
this morning, papa; for the subject that Robert 
thought we knew so well appears to be the most 
difficult to understand. 

Robert. — If we see the light coming from the 
sun, as I do now, how can it be said to be in¬ 
visible ? 

Mr. P. — I will try to convince you that it is 
so. Close the window shutters, Robert: there is 
a small hole in one of them, through which a ray 


XIGHT. 


123 


of light will be admitted, on which to make our ex¬ 
periments. (Robert closes the shutters^ and a beam 
of light from the sun shines in through the hole^ and 
forms a bright spot on the walL) The light from 
the sun is visible now that it is reflected from the 
wall, but you cannot see it as it passes from the 
hole in the shutter to the wall. 

Robert. — Yes, father, I see a streak of light 
all the way. 

Mr. P. — I admit the direction of the light is 
perceptible; but what you see is not the direct 
ray of light itself, it is only the reflection of the 
light from the moats floating in the air of the 
room. If the air were perfectly transparent, you 
would not see any appearance of light between the 
wall and the shutter; and, on examination, you 
will find the light proceeds from small particles 
floating: in the air. 

Frederick. — Yes, I perceive it is so; the 
beam of light seems to be full of little moving 
things. 

Mr. P. — It is those that reflect the light, as 
it strikes against them, and make the course of 
the ray perceptible. I will now place a piece of 
white paper for the sun’s beam to fall upon, and 
you will perceive that the light in the room will be 
much greater than it is when reflected from the 
dark-coloured w^all. (Afr. Voweia. places the paper 
against the walL) 

Harriet. —Yes, I can now see where you all 
are, very distinctly, which I could not do before. 
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Mr. P. — When I substitute a piece of black 
cloth for the white paper, a very different effect 
will be produced. 

Harriet. — The room seems to be now all in 
darkness — I cannot distinguish any thing. 

Frederick. —If you were to put a looking-glass 
in the ray, what would be the effect ? 

Mr. P. — We will try it. (Mr. Powell holds a 
small plane mirror in the sun^s beam^ and directs 
the rejiected light Jirst against the wall^ and then 
towards the hole in the shutter^ through which the 
surHs rays enter,') You perceive when the light is 
reflected against the wall the effect is nearly the 
same as when the direct light of the sun falls upon 
it; the spot of light appears rather less bright, 
because the whole of the light is not reflected by 
the glass. Now, however, that I direct the re¬ 
flected light back again into the sun’s beam, the 
room is in darkness. In these variations of the 
experiment, the same quantity of light entered the 
room, and the difference you noticed in its effect 
upon surrounding objects was produced by the 
difference in the surfaces from which it was re¬ 
flected. I trust, therefore, that you are satisfied 
that light is of itself invisible, excepting when 
received directly upon the eye, or is reflected to it 
from the objects of sight. 

Frederick. — But what was the reason, father, 
of the reflection from the white paper producing 
more light in the room than the reflection from 
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the looking-glass ? for I suppose it is not, really, 
so good a reflector as the glass. 

Mr. P. — No, my dear, it is not, as you might 
perceive from the bright spot produced by the 
reflection of the sun’s light upon the wall; but the 
more perfect the reflector is, the more nearly 
does the light reflected resemble that which it 
reflects. The polished surface of the looking- 
glass being capable of reflecting most of the light 
thrown upon it, the reflected light had all the 
characters of the original rays, and did not become 
visible until again reflected from some other sur¬ 
face, whence the rays could be diffused to all parts 
of the room. As nearly all the light was reflected 
in one direction, the surface of the glass appeared 
dark when viewed from any other point than 
that in which the rays were sent; and if the mirror 
had been capable of reflecting all the light that 
fell upon it, it would have appeared quite black; 
because no light would have been left upon the 
surface of the glass to send out rays in any other 
direction than that in which the whole of the 
light would be reflected. 

Frederick. — Then what is the cause, father, 
of the paper being visible in all parts of the 
room ? 

Mr. P. — It is owing to the inequalities of its 
surface. When parallel rays of light are reflected 
from a perfectly flat, smooth, and highly polished 
mirror, the reflected rays are also parallel, as re- 
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de f presented in this figure. Let 

a b c represent three parallel 
rays of light from a luminous 
body, striking against the 
plane mirror g and thence 
reflected in the directions d e according to 
the general laws of reflection, which shall be after¬ 
wards explained to you. These reflected rays, it 
will be seen, are parallel to one another, and would 
be visible only to an eye placed in the direction to 
which they are reflected; whilst an eye looking at 
the glass from the point p would see no light 
whatever. But when the rays of light fall upon an 
fineven surface, the effect is very different. Sup- 
e f pose a h c dtohQ parallel rays of 

light falling upon a polished an¬ 
gular surface, h /, some of the 



. _ fr rays would be reflected upwards, 
Zmf towards ef^ and some in the 
opposite direction tog A ; and 
the result of reflection from a 
number of such angular surfaces 
would be the diffusion of the rays of light in all di- 
^ ^ rections: as represented in 

' / this figure, in which the 

- parallel horizontal lines 

' are supposed to be rays, 

proceeding from a lumin- 
— ous object, striking upon 
\ the angular surfaces of the 

\ body a h \ and the dotted 
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lines represent the varied directions into which the 
light would be reflected. The brilliancy of some 
kinds of spars is owing to the numerous crystals of 
which their surfaces are composed, by the dis¬ 
position of which the rays of light are reflected to 
the eye from several of their polished angles at the 
same time. 

Frederick. —I suppose then, father, that the 
objects in a landscape have the power of diffusing 
the rays of light in all directions, or else they 
would not be visible from every point of view, as 
they are. 

Mr. P. — Exactly so. Most of their surfaces 
are sufficiently rough to spread the light all round 
them. 

Harriet. — On a cloudy day, papa, when the 
sun cannot shine upon any thing, where does the 
light come from that is reflected in this way ? 

Mr. P. — The clouds, it is true, obscure a 
great part of the sun’s light, but they are never so 
dense as to obstruct it altogether. The light of 
the sun, when it strikes upon the particles of 
moisture forming the clouds, is diffused through 
their whole mass; therefore the light w^e receive 
on cloudy days, instead of coming in parallel rays 
directly from the sun, is diffused among the va¬ 
pours in the air, which thus become a great 
reservoir of light, and transmit it to the earth in 
various directions. Even on the clearest day, a 
great portion of the light from the sun is diffused 
by the vapours of the atmosphere. It is this dif- 
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fusion of the light that produces the bright appear¬ 
ance of the sky. Were the air to be perfectly 
transparent, the sky would appear almost black; 
because, as the rays of light are invisible, excepting 
when they strike directly upon the eye, if there 
were nothing above us that could reflect them, no 
light could be perceived, and the sun himself 
would appear like a brilliant orb surrounded by 
the darkness of night. 

Frederick.— In very clear weather, then, I 
should suppose the sky must appear darker than 
it does when the atmosphere is full of vapour. 

Mr. P. — You are right, Frederick. In a fine 
dry climate the sky is of a much deeper blue than 
we ever behold it in this country; and at the tops 
of high mountains, above the misty exhalations 
of the earth, the sky appears of a still deeper 
colour. It is to the diffusion of light, by the 
vapours of the atmosphere, that we are indebted 
for the twilight that ushers in the day, and cheers 
its departure. In a perfectly transparent atmo¬ 
sphere we should be left in darkness the instant the 
sun w’as set; but the clouds and vapours reflect 
the sun’s diffused light long after he is below 
the horizon, and during the summer months 
spread a genial twilight throughout the night. 


V29 


CONVERSATION XV. 

LIGHT [ continued ). 


Robert. — By what means, father, are we able to 
distinguish any thing on a dark cloudy night, 
when no light can reach objects to be reflected 
from them ? 

Mr. P. — In the first place, Robert, I cannot 
admit the truth of your premises. There never 
was a night so dark as to be totally devoid of 
light. Indeed it may be doubted whether light 
could, under any circumstances, be absolutely ex¬ 
tinguished, or, at all events, our senses will not 
enable us to say when there is no light. 

Robert. — Not such a thing as darkness, fa¬ 
ther ! What light can there possibly be in a room 
with the shutters and door closed, on a dark 
night, when there is neither candle nor fire ? 

Mr. P. — I cannot pretend to tell what quan¬ 
tity of light there may be in such a room; but 
that there is some light I may venture to affirm, 
though our eyes cannot perceive it. A certain 
quantity of light is requisite to enable us to dis- 
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tinguish the forms of objects, and a still greater 
to distinguish their colours: the absence of the 

O 

smallest of these quantities we are accustomed to 
term a state of total darkness; yet, to other or¬ 
gans of vision, more delicately formed, this total 
darkness may seem as brilliant daylight. The 
eyes of beetles and mice, and of other creatures 
that make night their time of action, we must sup¬ 
pose to be so constructed as to enable them to see 
objects distinctly when they are to us invisible. 
Even the eyes of men, when they have been im¬ 
mured in the darkest dungeons for a number of 
years, have become so sensitive as to distinguish 
all the objects in their dismal abodes. An eye so 
accustomed to darkness suffers intolerable pain 
when again exposed to the light of day; and even 
in a dark night objects would appear perfectly 
distinct. 

Frederick. — Then what we call darkness is 
only a diminished quantity of light; in the same 
manner as you explained cold to be but a com¬ 
parative diminution of heat ? 

Mr. P.—You are right, Frederick. We judge 
of light and darkness by comparison; and what 
appears to be light one moment may appear as 
shadow the next, if a brighter light be contrasted 
with it. Even the flame of a candle may be made 
to appear as a shadow against the wall by the 
light of a brilliant lamp. 

Harriet.’ — What makes a shadow against 
the wall seem so much larger when any thing is 
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held close to the candle than when it is held near 
the wall ? 

Mr. P. — The rays of light diverge from the 
flame of a candle in straight lines in all directions, 
in a smilar manner to lines drawn from the centre 
of a circle to its circumference. If, therefore, 
you place an object near to the flame it receives 
more of the diverging rays, and, consequently, 
obstructs more of the light, and a greater space 
of the wall appears in darkness than when it is 
held nearer to the wall. That this must be the 
effect will be rendered evident by this drawing; 



lines the rays of light issuing from it towards the wall. 
These rays, if there were no intervening object, 
would strike against the wall and illuminate the 
space betw^een h and c. But when an opaque 
object is placed near the candle, as at it will 
receive the whole of these rays, and the space 
between h and c will be in darkness; or, in other 
wwds, the shadow of the object d will appear 
against the wall of the size of h c. When the 
same object is removed farther from the candle, as 
at 7^, many of the rays it before obstructed will 
pass over and under it, and illuminate parts of the 
wall that were before darkened by its shadow, and 
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the shadow will now be diminished to the size 
of/g. 

Robert. — Then is there as much light upon 
a small object, when placed near to the candle, as 
there is upon the large space on the wall covered 
by its shadow ? 

Mr. P. — Yes, Robert, there is. Light, when 
emanating from a point — as the flame of a candle 
may be considered — by diverging as it expands, 
diminishes in intensity in proportion to the space 
it illuminates. The diverging rays of light are 
known to diminish in intensity in an inverse ratio 
to the squares of the distance; that is, if an ob¬ 
ject be removed twice its distance from a candle 
it will receive only one-fourth the quantity of 
light; and if removed to four times the distance, 
it will receive only one-sixteenth part of the light. 
As it is of importance you should understand 
how this diminution of light is caused, I will make 
the subject more clear by a drawing. Here we 
have again a representation of the flame of a 
candle, «, sending out its diverging rays of light; 


d 



and the squares bcdwQ will suppose to be three 
square screens. The first one, S, we will imagine 
to be one inch square, the second to contain four 
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square inches, and the third sixteen. Let h be 
placed at a distance of one foot from the candle, c two 
feet from it, and d four feet. Now it is evident that 
the first screen, so placed, must obstruct all the 
diverging rays on their passage to the second, and 
prevent any light from falling upon it; that is, 
i will receive all the light which, were that screen 
not there, would come to the share of c. In the 
same manner the second screen, c, would rob d of 
all light from the candle, and it would receive 
on its surface, of four square inches, the same 
quantity of light which, if it passed on to d^ would 
be spread over the surface of sixteen square 
inches. But if the first screen, which is only one 
inch square, receive as much light as the second, 
whose surface is four^ times as large, the light on 
the first must be four times as great as it is on the 
second screen, and sixteen times more intense 
than upon the third screen, on which the same 
quantity of light is spread over sixteen times the 
surface. The light of a candle would, in this 
manner, continue to diminish, till it would become 
at last invisible. 

Harriet. — How far will the light of a candle 
reach, papa? 

Mr. P. — It can be seeji^ on a clear night, at 
a distance of two miles; but there are no limits to 
the distance to which its light will really extend. 
If we allow the inhabitants of the moon to possess 
organs of sight sufficiently delicate to be sensible 
to the impression of light so attenuated, we may 
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imagine them to be able to read by the light of a 
candle burning, on a clear night, upon the surface 
of the earth. 

Harriet. — What a very droll idea ! But if 
they could see the candle, they might see us, I 
suppose ? 

Mr. P. — One supposition, my dear, is just as 
reasonable as the other. But, in point of fact, as 
we know of nothing that should totally obstruct 
the light of a candle on its course to the moon, 
we may reasonably conclude that its rays form a 
minute portion of the general mass of light which 
that heavenly body must receive from the earth. 

Harriet. — Does the moon receive light from 
the earth, papa, as we do from the moon ? 

Mr. P. — Yes, my dear; and our globe must 
appear to the inhabitants of the moon, if inhabit¬ 
ants there be, a much larger and more brilliant 
orb than the moon does to us, in consequence of 
the earth being so much larger than the moon. 

Harriet. — But does the earth shine, papa, 
as the moon does ? 

Mr. P. — Exactly in the same way—with light 
borrowed from the sun. The light we receive 
from the moon is not produced by any luminous 
property in that body, but is merely the light of 
the sun reflected to the earth from all the objects 
on its surface. 

Robert. — But what can make them shine 
so? for our houses, and trees, and hills, don’t 
shine. 
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Mr. P. — Yes, they do, or you would not see 
them. Every thing that sends out rays of light 
to the eye may be said to shine; but as their 
reflected light is dull, when compared with the 
light of the sun, we do not consider them as 
shining bodies. Even the moon ceases to shine 
after the sun has risen, and appears only as a 
circular white body, though she is then reflecting 
as much light to the earth as during the night, 
when she appeared so brilliant. 

Robert. — But, father, you told us that light 
from all objects diminished four times whenever 
the distance was doubled, and that a screen 
placed four feet from a candle only received a 
sixteenth part of the light as the same screen 
when placed one foot from it, then how can the 
light reflected from the things on the face of the 
moon appear so bright at such a great distance? 

Mr. P. — If you look again at this drawing of 
the screens and candle* it will explain the diffi¬ 
culty. In this drawing, you perceive that the 
screen of one inch square receives as much light 
as the screen containing sixteen square inches; 
but as the quantity of light is the same in both 
cases, the same quantity will be reflected from the 
large screen as from the small one, and it will 
make up in quantity what it wants in intensity. 
The same will apply to the moon. If we could 
approach within about two hundred and fifty 
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yards of the moon, a circle of one yard diameter 
on her surface would then appear as large as her 
whole disc (which is two thousand one hundred 
and eighty miles in diameter) does when viewed 
from the earth; and as much light would be 
given out by that small circle, at that distance, as 
we receive from the whole orb. As we receded 
from the moon towards the earth, every time that 
w^e doubled the distance it would require a circle 
of twice the diameter (therefore four times the 
surface) to equal the apparent size of the moon’s 
disc on the earth; and when arrived at our globe 
the whole surface of the moon would appear of 
the same size, and reflect the same quantity of 
light, as a circle of one yard diameter did at a 
distance of only two hundred and fifty yards. 

Frederick. — Would a circle of a yard dia¬ 
meter on the earth give as much light, at a 
distance of two hundred and fifty yards^ as the 
whole moon? 

Mr. P. — Yes; a white circular board of one 
yard diameter, placed two hundred and fifty 
yards off, so as to reflect the direct light of the 
sun shining on it, would afford more light, at that 
distance, than is given out by the moon. 

Harriet. — You don’t mean, papa, that it 
would shine as the moon does ? 

Mr. P. — Yes, my dear, if we could see it, as 
we see the moon, when all other objects are in 
darkness. 

Robert. — I can’t see how that can be, fatheri 
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for the moon, on a clear night, seems to give 
nearly as much light as the sun. 

Mr. P. — It is owing to the contrast between 
the light and darkness that makes you think the 
moon so bright. It has been ascertained that the 
light from the full moon is only about one 
hundred-thousandth part of that derived from the 
sun at noonday. 

Harriet. — What is it, papa, that makes the 
man’s face in the moon? 

Mr. P. — The shadows on the moon’s disc, 
that have been thought to bear some resemblance 
to the features of a man, are produced by the 
unequal reflection of the sun’s rays from the earth 
and water on the surface of the moon; the 
darker parts are supposed to be the reflection 
from water, and the bright ones the reflection 
from land. 
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Mr, P. — We will now consider another very 
important property of light—that of its refraction. 

Frederick. — What is it you mean, father, by 
the refraction of light? 

Mr. P. — The rays of light proceed from 
luminous objects in straight lines, and so continue 
as long as the transparent medium through which 
they pass remains the same ; but when a ray of 
light enters obliquely into a different medium, 
(that is, if after passing through air it enters into 
glass or water, or after passing through the 
latter it enters into air,) it is bent from the direc¬ 
tion of its former course; and this bending of the 
rays of light is termed its refraction. 

Frederick. — Do the rays, after they have 
been bent in this manner, continue in a straight 
line in their new direction ? 

Mr. P.—^Yes, whilst they pass through the 
same medium; but I shall make the subject more 
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clear to you by a drawing. Let gefheti basin or 
y glass full of water, and a 
h a ray of light striking 
/ against the surface at 

S' in the oblique direction 

a b. Its natural straight 
course, if the vessel were 
empty, would carry the 
ray to c ; but as soon as it 
enters the water it is bent in a more perpendicular 
direction, and arrives at the bottom of the vessel at 
the point in the direction from b to e. 

Frederick. —When light is refracted in this 
manner is it always bent more perpendicularly ? 

Mr. P. — If the light pass from a rarer medium 
into one more dense, as from air into water, it is 
always refracted in a direction nearer to the per¬ 
pendicular of the surface of the denser body. 
Thus, supposing « i to be a ray of light striking 
« against a thick piece of plain glass, 

d e (the perpendicular to whose 
surfaces is p r), as soon as the 
light enters the glass it will be re- 
e fracted in the direction marked by 
the line b g, which is nearer to the 
perpendicular of the surface of the 
glass than b c, its former direction. 
When a ray of light 25 from a denser medium, 
on the contrary, the refraction takes place in a 
direction farther from the perpendicular of the sur- 
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face. Thus, in the figure before us, the ray h g, 
on issuing from the glass into the air, will be in¬ 
clined towards and will be thus bent as much 
fi'om the perpendicular, on coming again into the 
air, as it w^as bent towards it on entering the glass. 
I will now make the refraction of light visible to 
you by experiments. 

Harriet. — I shall be very glad of that, papa, 
for I am almost tired of looking at straight lines 
and ah c, 

Mr. P. — I will show you, first, the experi¬ 
ment I exemplified in our drawing of the vessel 
of w’ater and the ray of light; to do which we 
must close the shutters, and admit the sun’s light 
through the aperture only. (Robert closes the 
shutters^ Mr. Powell having Jirst procured a large 
glass tumbler and a jug qfvoater; and vohen the shuU 
ters are closed he places the glass on the table in the 
direction of the surHs beam,) You perceive the 
rays of light enter the glass in an oblique direction, 
and pass through its side a little above the bottom. 
I will fill it with water, slightly tinged with colour 
to enable you to see more distinctly the direction of 
the ray through the fluid. Where is the spot of 
light now, Robert ? 

Robert. — Quite at the bottom of the glass. 

Mr. P. — Look through the water, and observe 
where the light is bent by the refraction. 

Robert. — I see that just where the beam of 
light enters the water it appears to be broken 
and bent down. 
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Harriet - {Looking through the *mater,) It is 

very curious : what makes it do so, papa? 

Mr. P. — The cause of refraction has not been 
discovered, my dear; for no attempt yet made to 
explain the phenomenon seems quite satisfactory: 
we are acquainted, however, with the laws which 
govern refraction,' and are enabled to apply them 
to very important uses. 

Harriet. — What use can be made of refrac¬ 
tion, papa? 

Mr. P. — If light were not subject to refraction 
we should not be able to make telescopes, micro¬ 
scopes, spectacles, nor any other optical instru¬ 
ments. The power of convex lenses, or magnifying 
glasses, depends entirely upon this property of 
light. So great is its importance, indeed, that 
did it not exist, we should not be able to see; and 
the beautiful machinery of the eye would be useless, 
if the rays that enter it were not refracted by its 
various lenses. 

Frederick. — Can you explain to us, father, 
how the effect of magnifying glasses is produced 
by refraction. 

Mr. P. — I will do so at a future opportunity; 
but we shall now confine our attention to the 
effects of refraction, as exhibited to us in the natural 
phenomena around us. 

Robert. — Is light refracted in the same degree, 
on passing through all transparent substances? 

Mr. P.— No, my dear: the degree of its 
refraction varies according to the difference 
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in the densities between the refracting medium 
and that through which the light first passes. 
Light, in passing from air into water, is refracted 
one-fourth nearer to the perpendicular than its 
former direction ; and in passing from air into 
glass it is refracted one^third nearer. The rays 
of light, in passing from a vacuum into air, are also 
refracted from their original course; and it has been 
discovered that the light from the sun, and from 
the other heavenly bodies, is thus refracted on 
coming to the earth, and that we consequently 
never see them in their true positions in the hea¬ 
vens. Owing to this refractive power of the 
atmosphere, we see the sun several minutes before 
his direct rays would reach the eye; and his image, 
from the same cause, remains in sight some time 
after he is really sunk below the horizon. 

Robert. — How can that be, father ? 

Mr. P. — The experiment I have just shown 
you will explain the matter clearly. The beam of 
the sun’s light you observed passed through the 
side of the'glass before it was filled with water, 
and would, therefore, not be perceptible to an eye 
placed at the bottom, until the sun rose higher in 
the heavens, and threw his beams directly on the 
bottom of the glass. But when the water was 
poured in, the rays were bent down to the bottom, 
and the sun would become visible from that point. 
The water, in this case, represents the effect of 
the atmosphere of our earth, which thus draws 
down the rays of the sun’s light from their original 
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course, and renders him visible before his rays 
would otherwise reach the eye. 

Frederick. — Do we see the sun and the stars 
in their true position, or do they seem to be in the 
direction in which their rays are refracted to us ? 

Mr. P. — All objects appear to be situated in 
the direction from which the rays proceed to the 
eye; therefore, the sun and the stars appear to us 
to be higher in the heavens than they really are. 
We will now reverse the order of our experiment, 
and let the light proceed from an object at the 
bottom of the basin, through the water, into the 
air. An eye, placed so as to look into the glass 
in the direction that the sun’s beam entered it, 
will not, whilst it is empty, see any object at the 
bottom; but when it is filled with water the bot¬ 
tom of the glass will appear to be raised, and an 
object placed there will become visible. 

Harriet. — I should like to see that very much. 

Mr. P. — Very well, Harriet, you shall soon be 
satisfied: it will be better to substitute a basin for 
the glass, else you would see through the sides, 
and the effect would be destroyed. [Mr, Powell 
Jixes a xmfer at the bottom of a xsohite hasin^ and 
Harriet stands at such a distance from it as to lose 
sight of the bottom, Mr. Powell then fils the basin 
gently with water.) 

Harriet. — As you pour in the water, I see 
the bottom part of the basin gradually rising—and 
now I see the wafer: it appears nearer to the top 
than it was. 
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Mr. P. — You may learn from this experiment 
that rivers and ponds are really deeper than they 
seem to be, owing to the refraction of the light 
proceeding from the objects at the bottom; which, 
therefore, appear to be nearer to the surface than 
they are. From the same cause objects in water 
appear not only different in position, but different 
in shape. I dare say you have often observed 
that when you put a stick into water it seems to 
be bent as if it were broken. 

Frederick. — Yes, I have very often, and it 
has always puzzled me. I shall know how to 
account for it in future, by the refraction of the 
rays of light as they proceed from the stick through 
the water into the air. 

Mr. P. —Very good. You may repeat the ex¬ 
periment with the basin of water and the wafer by 
yourselves: it is a striking illustration of the effects 
of refraction. The experiment may be varied, by 
fixing two or more wafers at the bottom, so that 
they may become visible one after the other. 
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COLOURS. 


Robert. — You told us, father, the other day, 
that the light from such objects as trees and houses 
is the light of the sun reflected from them; but I 
have been thinking that it must be something 
else besides the light of the sun; for almost every 
thing vi^e look at is of a different colour,* and the 
sun’s light is no colour at all. 

Mr. P. — The difficulty you have started, 
Robert, evinces a reflective and philosophic mind, 
which I trust you will cultivate to advantage. 
It was taken for granted, previous to Sir Isaac 
Newton’s discoveries on the subject, that light 
was, as you conceive it to be, without colour; and 
several curious explanations were attempted by 
ancient philosophers to account for the colour of 
bodies. Some imagined it to be a flame issuing 
from them, whilst others affirmed that the different 
colours were produced by different motions com¬ 
municated to the particles of light. We are 
indebted to Sir Isaac Newton for the discovery, 
that the light which emanates from the sun, though^ 
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apparently so colourless, is really composed of all 
the colours mingled together. 

Robert. — What, father, the white light of 
the sun full of colours ! 1 cannot think how it is 

possible. 

Mr. P. — If we admit the sun’s beam through 

o 

the aperture in the shutter, as in our former ex¬ 
periments, I can separate the colours of which it is 
composed, and show them to you. 

Harriet. — I am quite anxious to see how 
you can do so, (Frederick and Robert close 
the shutters^ and Mr. Powell, having provided 
himself with a glass prism^ places a sheet of white 
paper against the wall to receive the rays of light.) 

Mr. P. — This long triangular piece of glass is 
called a prism, and its angular shape enables it to 
refract the rays of'light passing through it very 
far out of their original course. When I place 
the prism so as to intercept the light on its passage 
to the screen, the round spot of light will become 
oblong, and be tinged with brilliant colours. 

Harriet. —The white light is gone; but, higher 
up the screen, I see all the colours of the rainbow. 

Mr. P. — What you now see is the same bright 
light dissected into the different parts of which it 
is composed. The colour at the bottom is red, 
the next to it is orange, above that is yellow, and 
then come green, blue, indigo, and violet, in suc¬ 
cession, above one another. Sir Isaac Newton 
concluded, from this and from other experiments, 
that the light of the sun is composed of a mixture 
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of coloured rays, some of which are more easily 
refracted than others; and that when a beam 
of light is very much bent, as is the case when it 
passes through a prism, the rays most refrangible 
are separated from those that are less so. The 
white light is thus divided, and the several colours 
of which it is composed are exhibited separately. 
The image of the sun’s light, so dissected, is termed 
the solar spectrum, 

Robert. — Do you mean, father, that if all 
those colours I now see were mixed together, they 
would become white ? 

Mr. P. — Yes. When all the coloured rays 
are collected together by a convex lens, or burning 
glass, the light will be colourless. Observe, now 
that I hold this lens between the prism and the 
paper, at a proper distance, the coloured rays are 
brought to a point, and appear as a bright spot of 
pure white light. 

Robert. — I am quite surprised to see how all 
the colours have disappeared. 

Mr. P. — The same effect may be produced by 
painting the colours of the solar spectrum, in their 
proper proportions, on the upper part of a top; 
and when it is put in rapid motion, the colours 
will be blended together and appear white. 

Harriet. — How many colours are there in 
light, papa? 

Mr. P. — The prism, you perceive, divides it 
into seven, of which red is the least refracted, and 
violet the most. Four of the seven, however, may 
H 2 
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be considered as merely mixtures of the other 
three, and the real primitive colours are red, yellow, 
and blue. With these, in different shades and 
proportions, all colours may be made. 

Frederick. — I do not yet understand, father, 
what causes the sun’s light, when it is reflected from 
an object, such as a house, to appear of a differ¬ 
ent colour from the light that strikes against it. 

Mr. P. — It is supposed that, owing to some 
peculiar disposition of the particles composing 
different substances, they possess the power of 
separating the rays of light into its component 
colours. Some of the colours are then absorbed 
by the substance against which the light sti'ikes; 
and those which it has not the power of absorbing, 
are reflected from its surface. Thus, a brick house 
is said to absorb all rays excepting the red; the 
red one it reflects to the eye, and we, therefore, 
call such an object red. Trees and fields, again, 
reflect the green rays (which are a mixture of the 
blue and yellow), and absorb the red. 

Frederick. — As the colours of the rainbow 
are so much like those produced by the prism, I 
suppose they are formed in the same manner, by 
the separation of the rays of the sun’s light. 

Mr. P.—Yes, my dear, they are. When rain¬ 
drops are falling from the clouds, at the time the 
sun is shining upon them, part of the sun’s light is 
reflected from the back of the drops to the earth. 

Robert. — Hejlected from the transparent drops 
of rain, father ? 
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Mr. P. — Yes, Robert, reflected. No substance 
is sufficiently transparent to permit all the light to 
pass through it; and when light strikes very ob¬ 
liquely against glass or water, nearly the whole of 
it is reflected, and none transmitted. The reflec¬ 
tion of the sun’s light from a window, and from a 
glass of water on the table, are instances of partial 
reflection from the surfaces of transparent bodies. 

Frederick. — A drop of water, too, looks 
bright and sparkling in almost any direction; is 
not that owing to its reflecting the rays striking 
upon it ? 

Mr. P. — It is a very appropriate illustration, 
Frederick. If the drops of rain that reflect the 
coloured bow were flat, instead of being round, 
the light would be reflected from them to the 
earth, without being divided into its prismatic 
colours, and the rainbow’ would appear as a glitter¬ 
ing arch of pure light: but the drops being cir¬ 
cular, the inclinations of the surfaces at which the 
liffht enters, and from w’hich it is afterwards re- 
fleeted, are so oblique, that they bend the light so 
much as to separate them; and it is, therefore, 



reflected to us in its 
variegated colours. 
Suppose, for instance, 
« to be a ray of 
light entering a rain¬ 
drop ; it would be 
refracted to c, and 
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part of the light would pass out of the drop to¬ 
wards d; but as it strikes at so oblique an angle, 
the greater portion of the light would be reflected 
to e. On re-entering the air, the ray would under¬ 
go another refraction, and be separated into its 
different colours; the red rays being at the bot¬ 
tom, and the violet at the top, as here repre¬ 
sented. 

Robert. — But if the coloured rays are spread 
so much, how can the eye take them all in at 
once? 

Mr. P. — You forget, Robert, that there are 
drops of rain following each other, in rapid suc¬ 
cession, from the clouds to the earth; and that 
this refraction and reflection are going on in each. 
If, therefore, the eye were so placed as to receive 
the red ray from this drop, it would receive the 
orange^ray from the drop below, and the yellow 
from the drop below that, and so on, until it re¬ 
ceived all the colours of the rainbow from succes¬ 
sive drops. 

Robert. — Then, if the light come from so 
many falling drops, a rainbow ought to be always 
sparkling and glittering, like a moving glass lustre. 

Mr. P. — And so it most probably would, if 
the refraction took place in large drops of rain. 
Though I have been obliged, for the sake of clear¬ 
ness, to speak as if each colour were produced by 
a single drop; yet, as the drops of rain from which 
the light is refracted are at a considerable height, 
the drops must be there very small, resembling. 
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perhaps, the minute particles of water visible in a 
mist. The depth of each stratum of colour in the 
rainbow, therefore, as well as throughout the ex¬ 
tent of the arch, may be the result of refraction 
and reflection from numerous very small drops of 
rain, the rays from which become so blended to¬ 
gether as to produce uniform colour. In this 
manner we may conceive that the seven prismatic 
colours seen in the rainbow may proceed from 
hundreds of minute drops, above one another, in¬ 
stead of from only seven, as frequently supposed. 
There is sometimes a second bow formed above 
the first, in which the colours are reversed. This 
bow is produced by the refractions and reflections 
of rays entering the lower part of the drops. 
These rays are twice reflected at the back of each 
drop before they issue from it, when they are 
again refracted into the prismatic colours. In 
consequence of the light lost by the two reflections, 
this second bow is generally very faint. 

Frederick. — Is the halo that is often seen 
round the moon produced in the same way as the 
rainbow ? 

Mr. P.—Yes. The light of the moon, shining 
upon the condensed vapours of the atmosphere, 
will, under certain circumstances, be so much re¬ 
fracted as to separate into its prismatic colours, 
and form a beautiful circle, through the centre of 
which the direct rays of that heavenly body pene¬ 
trate with unsullied brightness to the earth. 

Robert. — You told us, father, that all the 
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colours were contained in light, but you have said 
nothing about black. 

Mr. P. — I thought you would have under¬ 
stood, from what had been previously said, that 
black is merely the absence of light; the differ¬ 
ence between black and white is, that white rejlects 
all the rays united, and black absorbs them all 
and rejlects none, 

Robert. — Then, if black do not reflect any 
light, how can it be seen by the eye ? 

Mr. P. — By its contrast with surrounding ob¬ 
jects, from which light is reflected. If a black 
body be placed on a white ground, for instance, 
the eye receives"^light from all parts immediately 
round it, and the absence of light from the black 
object renders its outline even more distinctly 
marked than if it sent out rays. It is in the same 
manner we distinguish a shadow. If you hold 
your hand between the candle and the wall, you 
perceive a distinct outline of the hand upon it, 
which is marked by the comparative absence of 
light on those parts of the wall where the light of 
the candle is intercepted; and the outline is more 
distinct than it would be if the form of the hand 
were painted in any transparent colour upon glass, 
and held in the same situation, because the con¬ 
trast between the light and comparative darkness 
is greater than between the light and the colour 
which sends rays to the eye. 

Robert, — Then black, which seems the 
strongest of all colours, is no colour at all! 
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Frederick. — And white, which seems to be 
no colour, is all colours combined! 

Harriet. — What you have told us about 
colours and light, papa, is quite contrary to the 
ideas 1 before had about them. 

Mr. P. — There is no branch of science which 
deludes the senses so much as that connected 
with light and colours. The most extraordinary 
deceptions can be produced by a proper disposi¬ 
tion of colours, combined with the effect of light 
and shade. The exhibition of the Diorama affords 
a most beautiful example of this; and by having 
a contrivance for diminishing and increasing the 
light upon particular parts of the painting, the 
effect produced is perfectly wonderful. 

Harriet. — Yes, papa; I remember, when you 
took us there, I could not believe that what we 
were looking upon was only a flat piece of canvass. 

Mr. P. — It is, indeed, difficult to conceive 
that the objects painted on the canvass are not 
realities. The eye is still more easily deceived by 
colours than by the forms of objects. There are 
some persons who cannot even distinguish one 
colour from another, and make very curious mis¬ 
takes in consequence. A gentleman residing in 
Derby, who had this peculiar defect of vision, 
went to his tailor to order a suit of mourning to 
attend the funeral of a friend, and when shown 
the card of patterns, to select his cloth, he un¬ 
fortunately fixed upon a brilliant red. The 
tailor supposed he wanted the dress for a fancy 
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ball, and, without hesitation, made up the suit 
and sent it home, according to order. On the 
morning of the funeral, a friend of the gentler 
man’s luckily called in to accompany him; when, 
to his amazement, he beheld the mourner make 
his appearance accoutred from head to foot in his 
splendid suit of red. The effect was rendered 
the more ludicrous by the serious face and un¬ 
conscious manner of the gentleman; nor could 
he understand why his friend looked so as¬ 
tonished i and it was with difficulty he could be 
convinced of the impropriety of going to the 
funeral in a dress he had ordered expressly for 
the occasion. 

Harriet. — I never heard of any thing so 
strange. Had the gentleman chosen blue, I 
should not have wondered, for I often see people 
with blue coats and gowns, which they imagine to 
be black. 

Robert. — If persons were to be dressed in 
perfect black, they would be, or rather they ought 
to be, invisible, — ha, ha ! 

Mr. P. — You may laugh, Robert; but so 
they would be, if there were a back-ground 
equally black behind them. I have seen a very 
good deception produced in this way on the stage. 
The figure of a skeleton was painted on a black 
dress fitting very tight to the body of a man, who 
was enveloped in a long black cloak. When he 
spread out his arms and disclosed himself, the 
real outline of his figure was invisible, as there 
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was nothing to contrast with it, and there ap¬ 
peared only the form of the skeleton, which 
seemed to be endowed with life. 

Harriet. — How very frightful it must have 
looked! If the skeleton had not been painted on 
the black dress, I suppose you could not have 
seen any thing of the man when he opened the 
cloak. 

Mr. P. — No; he would have been perfectly 
invisible, as Robert conceives every one ought to 
be who is dressed in a colour that absorbs all the 
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Mr. P. — I dare say, Harriet, you have often 
looked at yourself in the glass; — can you tell us 
the cause of your seeing yourself there ? 

Harriet. — No, indeed, papa; I never thought 
of it: I should like very much to know. 

Mr. P. — The effect is produced by the re¬ 
flection of the rays of light from the polished 
surface of the mirror. 

Frederick. — How can the reflection of the 
rays of light produce such an effect ? 

Mr. P. — When light strikes against a polished 
opaque surface, it is reflected, or sent back, in the 
same manner that all elastic substances, when 
striking against one another, rebound, or are re¬ 
flected. Thus, when Harriet looks at herself in 
the glass, the rays of light proceeding from all 
parts of her face strike upon the mirror, and are 
sent back, or reflected, towards her again; and her 
eyes receive the reflected rays from the glass, and 
form them into an image of herself. 
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Robert. — But how is it that I can now see 
Harriet in the glass, though we are neither of us 
before it ? 

Mr. P. — That, also, is owing to the reflection 
of her image by the glass. The rays from her 
face strike against the glass at an angle of about 
45° from the perpendicular of its surface, and 
they are reflected towards you at the same angle 
on the other side the perpendicular; therefore 
you see her image, though she cannot see it 
herself. She is also able to see you, from the 
same cause. 

Frederick. — Are the rays of light always 
reflected at the same angle at which they strike 
the reflecting surface ? 

Mr. P. — Yes, that is the rule which governs 
all reflections. I shall, perhaps, make the subject 
more intelligible by this drawing. The line a b 
represents the mirror; h is the point where Har¬ 


riet stood; R is Robert’s 
position; and the dotted 


line PC is the perpendi¬ 
cular drawn from the sur¬ 
face of the glass. Now, 



those rays of light from 
Harriet’s face, falling on 
.4 the glass in the direction 


H p, were reflected at an equal angle on the other 
side its perpendicular, that is, in the direction 
p R ; and Robert, looking in the same direc¬ 
tion towards the point p, would see Harriet’s 
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image, apparently behind the glass, at lu The 
rays from Robert's face would, in the same man¬ 
ner, be reflected in the direction p h, and Harriet 
would see his image behind the glass at r. The 
angle at which the rays of light fall upon the 
plane of the reflector is called the angle of inci¬ 
dence^ and the angle at which they are reflected is 
called the angle of rflection: these angles are 
always equal to one another. Now that the sun 
is shining into the room, I can show you that the 
angle of incidence and the angle of reflection are 
equal. You see the ray of the sun’s light strikes 
obliquely on the table at an angle of about 30°. 
Frederick, place the small looking-glass flat on 
the table, and notice where the reflection will be. 

Frederick. — There it is, on the ceiling, at 
the farther end of the room. 

Mr. P. —^ You can perceive, by the motes in 
the sunbeam, the directions of the incident and 
of the reflected rays distinctly; and you will find 
that the angles they make with the surface of the 
glass are equal. 

Robert. — Will they be so in any direction ? 

Mr. P. — Raise the glass as you like, and you 
will find that the nearer you bring the plane of 
the glass perpendicular to the sun’s ray, the dis¬ 
tance between the reflected image and the incident 
ray will diminish. 

Frederick. — Yes, look ! as I raise the glass, 
the bright spot on the ceiling moves nearer to the 
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window; and now it is entirely lost in the sun’s 
ray. 

Mr. P. — The light from the sun now strikes 
directly, that is, perpendicularly, against the glass, 
and is reflected into itself, as the image of Har¬ 
riet is when she is admiring her own face. When 
the rays struck the glass obliquely, and were 
reflected to the ceiling, they were in the same 
relative positions to the glass as Robert and 
Harriet were when they saw each other. 

Harriet. — Last evening, papa, I was very 
much surprised to see what I thought was a large 
fire in the road; but on going to the window to 
look, I found that it was nothing but the fire in 
the room that I saw. 

Mr. P. — The deception was produced by the 
rays of light from the fire striking against the 
window, which reflected them to you at the other 
end of the room, in the same manner that the 
rays from Robert’s face were reflected to you by 
the mirror. 

Harriet. —Yes, but, papa, there was no 
looking-glass near the window. 

Mr. P. — All glass, however transparent it 
may be, reflects a portion of the light that falls 
upon it; and when the rays strike upon a pane of 
glass very obliquely, most of them are reflected; 
as I mentioned to you yesterday in explaining 
the rainbow. 

Harriet. •— Then why is not the fire reflected 
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by the glass in the day-time, as well as in the 
dark ? 

Mr. P. — It is so; but the rays of light from 
the objects outside the window enter the glass 
during the day, and, being more vivid than the 
partially reflected rays from the fire, obscure 
them. 

Harriet. — But how was it, papa, that the 
fire appeared to be in the road ? 

Mr. P. — The image in a plane mirror, or 
reflector, always appears to be in the direction 
that the reflected rays enter the eye, and to be as 
much behind the glass as the object is before it. 
It is one of the laws of reflection from plane 
mirrors, that images appear to be formed on an 
ideal line drawn perpendicular from the objects to 
the surface of the reflector. Thus, you observe, in 
the drawing, the point r, where you would see 
Robert’s image, is on a line r r, drawn perpen¬ 
dicular to the surface a b. When you looked at 
Robert in the glass, he appeared to be behind it; 
but you knew from experience that he was not; 
and the other objects in the room being also 
reflected, tended to destroy the illusion. In the 
case of the fire, the deception is greater, in con¬ 
sequence of the reflected rays from it alone being 
visible, as the rays from the other objects in the 
room would not be sufficiently vivid to be seen. 

Frederick. — Do not you remember, Harriet, 
when we were little children, trying to catch our¬ 
selves behind the looking-glass ? Nothing puzzled 
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me so much as to find the image gone when I 
looked behind. 

Harriet. — Yes, I recollect it very well; and, 
not long ago, I was quite, deceived, when at the 
Bazaar in Soho Square, by the reflections in the 
large mirrors placed against the walls : I thought 
one was an open door leading into another mag¬ 
nificent room, and I should have w^alked against 
the glass if I had not been held back. 

Mr. P. — Since the invention of that elegant 
instrument, the kaleidoscope, by Dr. Brewster, 
the effect of which depends upon reiterated re¬ 
flection, more attention has been paid to the 
reflections from plane mirrors; and nothing pro¬ 
duces so pleasing and deceptive an appearance 
as a series of them well arranged. 

Frederick. — Are all elastic bodies reflected 
in the same manner as light? 

Mr. P. — Yes, their reflection is governed by 
the same laws; the reflection being always at the 
same angle at which they strike the reflecting 
body. In addition to those properties of light 
which we have now considered, discoveries have 
been made respecting its nature, and the circum¬ 
stances attending its contact wuth and transmission 
through solid bodies, that seem to open a wide 
field to philosophical investigation. The polaris¬ 
ation of light, the inflection or diffraction of light 
when passing near the edges of bodies, and the 
effect of the interference of light when rays cross 
each other, though highly interesting as subjects 
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of scientific research, have not as yet, however, 
been sufficiently connected with the commonly 
observed phenomena of light to render them fitting 
subjects for our present notice. The nature and 
properties of light that most affect the appearances 
of objects around us are those which I have ex¬ 
plained to'you, viz, its composition of coloured 
rays, its refraction and reflection. 
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Frederick. — Since you explained to us yester¬ 
day, father, the reflection of light, there is one 
thing I have thought of that I do not understand. 
When the rays of the sun, or the light of the fire, 
are reflected by a looking-glass against the wall, I 
see nothing but a square bright light, the shape of 
the glass; but if I let the reflection come into my 
face, I see the image of the sun quite round, and 
distinguish the flames of the fire. 

Mr. P. — I am not surprised at your being 
puzzled by the different appearances the rays 
present, when reflected directly on the eye, and 
when the reflection is thrown on the wall: I*will 
endeavour to explain the difficulty. I have before 
told you that the rays of light from the sun, and 
the rays reflected from any visible object, proceed 
from all parts of the object in straight lines; and 
that there is no point on which the light falls, 
however small it may be, that does not receive 
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rays from every part of the object. Thus, there 
is no point of the wall illumined by the fire, that 
does not receive rays from all parts of it at the 
same time. The light on the wall may, therefore, 
be considered as composed of innumerable small 
images of the fire, which are all blended together, 
and assume an appearance of uniform light. When 
any portion of these mingled rays from the fire is 
reflected, from the surface of a plane mirror, upon 
the wall, the only effect produced is to increase 
the light in that part, by the addition of the 
quantity of light reflected by the mirror; the rays 
of liffht bein" as much mingled tofxether as before. 

o o O O 

But, if you place your eye in a position to catch 
the reflected rays, all the small fires of which the 
light is composed are brought, by the lenses of the 
eye, to one point, and there form a distinct image 
of the fire. 

Fredeiiick. — Then the light on the wall is 
the same as that which enters the eye, and the 
difference in appearance is produced by the eye 
itself? 

Mn. P. — It is: I can show you the manner in 
which this effect is produced, by placing a convex 
len% or magnifying glass, between the fire and the 
wall. But you must first close the window-shut¬ 
ters, else the rays of light entering from without 
will overpower the light from the fire. (Frederick 
and Robert dose the shutters,) You perceive, as 
I hold the glass near the wall, it intercepts the 
light; and as I bring it nearer to 'its focus, you 
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may see a distinct inverted image of the fire on 
the wall. 

Harriet. — Does the glass collect all the little 
fires together, to form that one ? 

Mr P. — Yes, my dear, all the mingled rays 
from the fire are collected by the glass towards 
separate points, and that is called bringing the 
rays to a focus, I shall explain how this effect is 
produced by lenses at another time. 

Frederick. — Does the eye bring the rays to 
a focus in the same way as a lens ? 

Mr. P. — Yes; the eye is composed of lenses, 
of different degrees of convexity and hardness. 
The crystalline lens^ which is the principal one, 
exactly resembles in shape a double convex lens, 
or common magnifying glass. By means of these 
lenses, the rays of light proceeding from all visible 
objects are converged to a focus at the back of 
the eye. The same effect may be shown by holding 
a small lens at the end of the room before a white 
screen, when we shall see the objects outside dis¬ 
tinctly marked on the screen, though much di¬ 
minished. [Mr, Powell holds the lens at its focal 
distance from the screen^ so as to throw the image 
upon it,) , 

Harriet. —Yes, papa; I see the houses, and 
the people walking in the road; but they are all 
topsy-turvy, and the men seem to be walking on 
their heads. 

Mr. P. — You fiiust understand, that the houses 
and other objects in the street give out rays of 
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light during the day, as well as the fire; and the 
light on the wall of the room is produced by an 
innumerable quantity of the rays from the houses, 
sky, &c. Now, when I place the lens between 
the window and the wall, the surface of the glass 
receives a number of these rays, which are con¬ 
verged by it, and formed into the image you see. 

Frederick. — But I suppose, father, the objects 
are not shown upside-down at the back of the eye ? 

Mr. P. — Yes, they are indeed. 

Robert. — What! do you mean, father, that 
I see people standing on their heads, and trees 
growing with their roots upwards ? 

Mr. P. — No, Robert, I do not mean to say 
so; but there are few writers who treat on this 
subject who do not. 

Robert, — Do they seriously say that men see 
every thing in the world upside-down ? 

Mr. P. — They are quite serious. 

Frederick. — Then how can they account for 
my seeing Robert and Harriet standing on their feet, 
if my eyes see them with their feet uppermost ? 

Mr. P. — To get over that difficulty, it is said 
that infants find, by feeling at different things, that 
what seems to them to be the top, is, in fact, the 
bottom; and that so, by experience, we get ac¬ 
customed to refer all objects to a different position 
from that in which they are seen. 

Harriet. — But do little children, then, really 
see their mammas and nurses with their heels 
uppermost ? How very droll it must be I 
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Mr. P. — There is no reason to believe that 
they do; but as it was taken for granted that the 
images must be seen inverted, because they were 
so at the back of the eye, there was no other 
means of accounting for their appearing upright, 
than by supposing we corrected the inverted posi¬ 
tion by experience when young. 

Frederick. — Then how do you account, 
father, for our seeing things upright, if the images 
be inverted at the back of the eye ? 

Mr. P. — The retina,, on which the inverted 
image is formed, is an expansion of the optic 
nerve; which nerve conveys the sensation on the 
retina to the brain. No one supposes that the 
retina sees the object; it is only a screen on which 
the image is formed. It seems, therefore,'surpris¬ 
ing, that it should have ever been inferred, from 
the single fact of the image being inverted on 
this screen, that the objects must be seen in an in¬ 
verted position by the mind. 

Robert. — But how can the mind change the 
position of the image on the screen at the back of 
the eye ? 

Mr. P. — The inverted picture formed by the 
lens on the paper screen will solve the difficulty at 
once. You observe that, when you look at the 
screen in front, the houses appear inverted; but 
go behind the screen, and look donm upon the in¬ 
verted picture. Now, Robert, how do the houses 
seem ? 
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Robert. — [Looking down upon the screen^ as 

represented in the 
woodcut.) Just as 
they ought to be; 
and the people 
are walking very 
properly on their 
legs. 

Mr. P. — The houses still appear to me to be 
inverted; but the position of the objects to you is 
changed by your seeing them from a different 
point of view. In the same manner we may ima¬ 
gine the mind looking down upon the inverted 
image on the retina, and viewing it in an upright 
position. As we can form no conception as to the 
manner in which the sensation of sight is produced 
in the brain, and as there is really no more diffi¬ 
culty in supposing the objects are seen upright, 
than in the supposition that they are seen inverted, 
it seems absurd to conclude that they are seen in 
a position the reverse of their real one; it is gra¬ 
tuitously inventing a difficulty, for no object what¬ 
ever, The inverted theory, too, is contrary to that 
simplicity and harmony of arrangement that is 
always perceptible in the works of Nature; and it 
ought to have been received with great doubts on 
that account alone. 

Robert. — I do not think I should ever have 
believed the topsy-turvy plan of seeing things up¬ 
right; and I am very glad, father, that you do not. 

Frederick. — What is the reason, father, that 
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some people are short-sighted and others long^ 
sighted, and are obliged to wear spectacles ? 

Mr. P. — In the eyes of those persons who ate 
near-sighted, the lenses of the eye are too convex, 
and collect the rays of light into a focus before 
they arrive at the retina; the image is, therefore, 
formed indistinctly upon it. In long-sighted people, 
on the contrary, the lenses of the eye are too flat, 
and do not bring the rays to a focus soon enough. 
To correct these defects of vision the near-sighted 
person must use concave glasses, and the long¬ 
sighted person must use glasses that are convex. 
We can see the effect of these different glasses on 
the inverted picture produced by the lens on the 
screen. [Mr. Powell holds the lens at its focal 
distance from the screen.) You see the image of 
the houses is now perfectly distinct, for the screen 
is placed in the focus of the lens. I will remove 
the glass a little farther from it. 

Harriet. — The houses and people seem now 
to be all confused. 

Mr. P.—That is the appearance which objects 
present to those who are near-sighted. The rays 
are brought to a focus before they reach the screen 5 
as you may perceive on placing a piece of paper 
about half an inch from it. 

Harriet. — [Holding a piece of paper in the 
focus of the lens.) Yes, here I see them all again, 
quite distinctly. 

Mr. P. — I will put a concave glass close to the 
lens, and you will find that it will make the picture 
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on the screen again distinct. You perceive it is 
now clear. 

Robert. — How does the concave glass pro¬ 
duce this effect ? 

Mr. P. — You must know, my dear, that the 
length of the focus of a glass depends upon its 
convexity or roundness, the focus being nearer to 
tjie glass when the convexity is the greater; and 
tjie flatter the surfaces of the glass are, the greater 
is the distance of the focus. A concave glass, on 
the contrary, instead of bringing the rays of light 
to a point, after passing through it, spreads them 
farther apart, and the deeper the hollows of the 
concave surfaces the more will the rays be sepa¬ 
rated. Therefore, the effect of the concave glass 
is to separate the rays of light as they are converg¬ 
ing towards a point, and to prevent them from 
coming to a focus so near the lens. If the hol¬ 
lows or concavities of the glass exceed the con¬ 
vexity of the lens, the rays would not come to a 
point at all. 

Frederick. — I suppose, if instead of the con¬ 
cave glass you were to use another convex one, 
the rays would come to a point sooner than be¬ 
fore? 

Mr. P.—Yes; and it is upon that principle 
that people who are long-sighted correct the de¬ 
fect. They use convex glasses, and by this means 
the rays of light, that were not sufficiently con¬ 
verged by the lenses of the eye, are brought to a 
focus on the retina. As the rays of light, pro- 
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ceeding from objects near the eye, diverge more 
than the rays issuing from more distant ones, all 
objects would have appeared confused, except 
when viewed at 4 certain distance, if the eye had 
not the power of adapting itself to the different 
circumstances under which it receives the rays of 
light. To accomplish this end it possesses the 
faculty — either by varying, to a certain extent^ 
the convexity of its lenses, or their distance from 
the retina — of adjusting itself according to the 
divergence of the rays, so as to form the images of 
objects distinctly on the retina, at all distances ex¬ 
ceeding five or six inches. 

Harriet?. — The formation of the eye seems 
to be as complicated as that of a telescope. 

Mr. P. — It is the most astonishing piece of 
mechanism ever beheld, and is most admirably 
adapted in all its parts to the uses for which it is 
intended. Light, by which all things are rendered 
visible, is inexplicable to us in its nature and mode 
of operation : we know that it is reflected from all 
objects, and that they thus send their borrowed 
rays to the eye — it is, by some unknown means, 
refracted by lenses so adjusted in the ball of the eye 
as to concentrate the rays on the retina to a focus 
— the retina is spread out as a screen, peculiarly 
well adapted to receive the images that the lenses 
throw upon its sensitive fibres — the optic nerve 
conveys the impression, by some inscrutable pro¬ 
cess, from the retina to the brain, there to excite 
in the mind, in some manner totally beyond our 
I 2 
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comprehension, the sense of sight. Had one link 
of the chain been wanting, the rest would have 
been useless. The organs of sight could not have 
been brought into action without the existence of 
light, and light itself would have been valueless if 
not endowed with the properties of reflection and 
refraction. And when we admire the wisdom 
which created the organ, we must not overlook 
the beneficent provision for the continued perform¬ 
ance of its functions, and the care with which it 
has been secured from injury. The secreted 
humours of the eye preserve its proper form and 
maintain its transparency; whilst the bony socket, 
the shadowing eyebrow, the curtaining lid, and the 
sensitive eyelash, secure it from violence, pro¬ 
tect it from injury, and warn it from danger. 
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Mr. P. — Did any of you ever consider the cause 
• of objects appearing so much smaller when seen 
from a distance than when viewed near ? 

Frederick. — I have often wondered at their 
doing so, but I could never find out the cause. 

Mr. P. — The apparent size of objects depends 
upon the angle which the rays of light, issuing 
from their extreme points, subtend on entering the 
eye; and as the rays which proceed from the top 
and bottom of an object, when near, enter the eye 
at a much greater angle than when it is at a dis¬ 
tance, it appears proportionably so much larger, 
as this drawing will show. Balls of the same size 
are here supposed to be placed at different dis- 
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the distance of those at h. It is evident, that 
the rays of light from the two extremes of the 
four balls ranged in a straight line vX df^ must 
proceed to the eye in the direction d e and e 
forming the angle d ef, Now^ two of the same 
balls placed at h will obstruct those rays, and hide 
all the four balls, and will appear to occupy as 
much space as the four. Again, the single ball at 
a will conceal all the others, and will consequently 
seem to occupy as much space as the four 2 X dfi 
and as the two at therefore, the same ball 
placed at a will appear four times larger in dia¬ 
meter than when placed in the line df^ which is 
four times the distance from the eye. 

Fbederick. — And if the ball were removed 
farther off, I suppose it would appear less and less, 
iu the same proportion, till it was out of sight. 

Mr. P. — Yes, it would. 

Robert. — I should suppose the ball might be 
seen, however far off, if the day were clear, and 
there was nothing to hide it. 

Mr. P. — No, Robert, it could not; for, at a 
certain distance, the angle subtended by the ex¬ 
treme points of the ball to the eye, would be so 
minute that the retina would not be sensible to the 
impression the light from it would produce. The 
human eye cannot perceive any object, in an ordi¬ 
nary light, that is smaller than the one-hundredth 
part of an inch, when held at a distance of six 
inches from it. If an object be smaller than that, 
or be at such a distance that the rays from its ex- 
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treme points do not occupy, when at a distance of 
six inches from the eye, a space equal to the one- 
hundredth part of an inch, it will be invisible. 
The figure of a man is so much diminished by 
distance as to be invisible to the naked eye four 
miles off'; for then the rays from his head and 
feet are so close together as to be covered by the 
point of a pin. 

Robert. — But if the same thing placed near 
the eye appears as tall as a much larger one at a 
distance, how is it that we do not mistake them to 
be really of the same size? 

Mr. P. — It is owing principally to the diminu¬ 
tion of the quantity of light as objects recede. I 
suppose I need not remind you that the light from 
an object decreases four times in quantity when 
the distance is increased only twice, ^ and that it 
becomes less and less, in the same proportion, the 
farther it recedes. Now we know, by experience, 
that the sizes of objects diminish as they are re¬ 
moved from the eye; therefore, when we see a 
person with whom we have been talking walk 
away, we do not imagine that he grows less as he 
departs, but attribute his apparent decrease in size 
to his being at a greater distance than before. 
We can compare him also with other objects 
whose size we are acquainted with; and as they 
are diminished by distance equally with himself, 
he still appears to be of the same relative size, 

* See Conversation on Light, p. 132. 
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however much the apparent magnitude of his 
figure is lessened. And again, as his person re¬ 
cedes from view, the light from it decreases in four¬ 
fold proportion to the distance, and we are there¬ 
fore accustomed, by connecting together the two 
circumstances of size and brightness, to conceive 
what impression a man of his size, at such a dis¬ 
tance, must produce on the retina. If we saw the 
same person approaching at another time, when 
there were no objects to compare him with, we 
should thus know, from the impression he pro¬ 
duced, that he was really taller than a child close 
at hand, who might seem to be much greater than 
his image on the eye. It must be admitted, how¬ 
ever, that We are frequently much deceived in the 
size and distance of objects when there are no 
other known objects near them by which to form 
a comparison. 

Frederick. — What you have told us about 
judging of the size of objects by comparison, puts 
me in mind of the curious deception we witnessed 
at the exhibition of the Fantoccini the other even¬ 
ing. When the exhibitor himself came on the 
stage, I thought he was an immense giant; for 
after looking a length of time at the small figures, 
and the scenery painted to correspond with them, 
he seemed, in comparison, to be prodigiously 
large. 

Mr. P. — It is a very good illustration of the 
subject, Frederick. Similar deceptions may be 
produced at any time by contrasts different from 
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those we have been accustomed to see; and in 
the dusk of the evening, when our principal 
guidance as to the size of objects depends upon 
the angle at which they are seen, we frequently 
mistake smaller and nearer things for larger and 
more distant objects. — The art of perspective de¬ 
pends upon the application of the principle that 
objects diminish in apparent size as they are more 
remote. The size of objects represented in a 
painting is drawn in proportion to the distances 
at which they are supposed to be placed; and the 
effect is materially aided by the colouring and 
shading, which, for distant objects, is made faint 
and indistinct, increasing in brightness as the 
objects approach the foreground, until, in some 
cases, they appear to stand out of the canvass. 

Harriet. — Is the slow motion of carriages at 
a distance owing to their being seen so small ? 

Mr. P. — Yes, my dear, it is; for the length 
of the road is diminished by distance as well as 
the size of the carriage; so that the space of a 
mile, in a road seen far off, may be comprised 
within the diameter of a common ring, held at six 
inches from the eye. A carriage moving along a 
road, viewed from such a distance, at the rate of 
twelve miles an hour, would not cross the diameter 
of the ring in less than five minutes, and you 
would scarcely be able to see that it was in 
motion; but if the carriage were to pass within 
twenty yards at the same speed, whilst you were 
looking through the ring, it would cross the 
I 5 
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diameter in a second of time, and appear to be 
moving with great velocity. The motions of the 
earth and of the planets are not visible to the 
naked eye in consequence of the great distance of 
the heavenly bodies. On looking at the moon, 
however, with a powerful telescope, the motion of 
the earth round its axis is very perceptible, for 
the moon is then seen moving off the field of view 
as the earth turns round. 

Harriet. — I wish you would let us look 
through your telescope, that we might see it, 
papa; for I should like very much to see the 
world really turning round. 

Mr. P. — Yes, my dear, you shall this evening, 
if the atmosphere be sufficiently clear, 

Frederick. — Can you tell me, father, what it 
is that makes a lighted slick, when moved about 
quickly in the dark, appear as a line of light ? 

Mr. P. ~It is occasioned by the property 
which the retina possesses of retaining the impres¬ 
sions of objects a short time after the objects are 
removed. Impressions remain on the retina 
about the sixth part of a second: therefore, the 
removal of any object that returns to the same 
point within that time is not perceived, as the 
impression is renewed before the absence of the 
object has been discovered; and its track, during 
the sixth part of a second, appears as a line of 
light. An ingenious toy has been constructed to 
illustrate this effect of the duration of impressions 
on the retina. A drawing is made on each side 
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of a card — a bird on one side, and a cage on the 
other, for instance — and, by turning the card 
quickly round, both figures appear together, and 
the bird is seen in the cage. This toy is capable 
of producing many pleasing and ludicrous effects. 

Frederick. — How very curious it must be! 

I will try to make one of them; and that the sub¬ 
ject may have some connection with its cause, I 
will draw, on one side a blind man, and on the 
other side a pair of eyes, which will start into his 
head as the card turns round, and out of his head 
when it stops. 

Harriet. — And, to make the change still 
more extraordinary, let the poor man be bald and 
be without coat or shoes; and, on the other side, 
paint a fine curly wig, and a blue coat, and a pair 
of shoes, that will exactly fit him when he turns 
round to put them on. 

Mr. P. — If you execute as well as you design, 
the effect will be curious enough. 

Robert. — You have not told us, father, what 
is the use of two eyes, and how it is that with 
two eyes we do not see double. 

Mr. P. — The use of two eyes is to increased 
the light; for, with one, objects appear only half 
as bright as when seen with two. Single vision^ 
with two eyes is produced by the axes of them 
being turned to the same object, and thereby 
occasioning the same impressions to be excited on 
both retinas. These impressions are conveyed by 
the optic nerves to the brain, to produce the sense 
I 6 
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of sight in the mind. Persons who squint must 
see different objects with each eye, though they 
acquire the habit of attending only to one at a 
time; and those animals which have their eyes 
placed in opposite parts of their heads, must also 
receive different impressions from each eye, 

Harriet. — Does the coloured part of the eye 
let any light through to the screen at the back? 

Mr. P. — No ; the rays are admitted only 
through that dark spot, in the centre of the eye, 
called the pupil, 

Harriet. — That part is much larger in the 
cat’s eye than it is in ours, and becomes larger 
and smaller as she likes: what is the reason of 
that, papa ? Can she see more than we can ? 

Mr. P, — No, my dear, she cannot see any 
more objects; but we may suppose that to her they 
appear brighter than they do to us, as she can 
admit so many more rays of light when the pupils 
of her eyes are distended than can be admitted 
into ours. 

Harriet. — Sometimes the black part of her 
eye appears not thicker than a hair, and at other 
times it is quite round. 

Mr. P, — When the light is very powerful, 
the cat contracts her eye, so as to admit but a 
small quantity; and when the light decreases, she 
enlarges her pupil, and is enabled to admit per¬ 
haps ten times more light than can enter our 
eyes. She is thus able to see objects when there 
is not light sufficient for us to distinguish them. 
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Harriet. — Then it is true that cats can see 
in the dark ! I wish the pupils of our eyes would 
open and close in the same way. 

Mr. P. — They do open and close, Harriet, 
though not to such an extent as those of the cat. 

o 

When we are in a strong light the pupil con¬ 
tracts, because too much light occasions pain to 
the delicate nerves of the eye. As the light 
decreases, the pupil expands, and you may notice 
a very perceptible difference in the size of the 
pupils when exposed to a bright light and when 
coming out of a dark room. Look, Harriet, at^ 
Robert’s eyes, now that he is in the glare of the 
sun, and we will get him to go into the dark 
closet for a few minutes, that you may see whether 
any change will take place in the size of the 
pupils. 

Harriet. — The black spot seems very small 
at present. — Now, Robert, go into the dark, and 
let us see if you have got cat’s eyes when yon 
come back ? 

(Robert goes into the closet^ and 'when he has 
been shut up there a short time., Mr, Powell tells 
him to come back again, Harriet pulls him to^ 
wards the window, into which the sun is shining, to 
look at his eyes, when Robert covers them with his 
hands, and utters an exclamation of pain*) 

Harriet. — Do not hold your hands to your 
eyes, Robert, I cannot see them. 

Robert. — The light hurts them so, that I 
can scarcely bear it. (Robert retires a little dis^ 
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tance from the mndow^ and then mthdra*ws his 
hands from his face.) 

Harriet. — Yes, now I see; the black part 
has, indeed, spread itself out to twice the size it 
was before you went into the dark. But what 
made you cry out, Robert ? Cats do not scream 
when they swell their eyes, ha, ha ! 

Robert. — I do not know how cats manage, 
but I know, Harriet, you would have called out 
if your eyes pained you as mine did me. 

Mr. P. — The pupils of Robert’s eyes having 
enlarged themselves in the dark, admitted more 
rays when he returned to the light than the retina 
could bear without pain, because the human eye 
has not the power of immediately contracting 
itself like that of the cat. If cats could not con¬ 
tract the pupils of their eyes more rapidly than 
we can, they would suffer intense pain on coming 
from the dark, with their pupils fully enlarged, 
into the light of the sun. 

Frederick. — I have observed that when I go 
out of doors at night, from a lighted room, I can¬ 
not see any thing at first, though, after I have 
been out a short time, I can see tolerably well; I 
suppose this is owing to the pupil of the eye 
being small at first, and afterwards enlarging and 
admitting more rays. 

Mr. P. — It is so, my dear; and you may 
therefore conceive that if the pupils of your eyes 
were capable of being more enlarged, you would 
see objects on a dark night still more distinctly. 
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You may also understand, from that circumstance, 
how it would be possible for eyes more sensitive 
than ours to see objects when all is perfect dark¬ 
ness to us, as I mentioned to you in our Convers¬ 
ation on Light.* 
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MAGNIFYING GLASSES. 


Robert, — You said, father, the other morning, 
that the power of magnifying glasses depended 
upon the refraction of light: I wish you would 
explain how refraction can make things seem 
larger than they are. 

Mr, P. — The effect of magnifying glasses, or 
convex lenses, as they are generally termed, is 
produced by their being so formed as to converge 
the rays of light, by refraction, on passing through 
the glass. You must not suppose, however, that 
objects viewed through such a glass appear larger 
than they are; the apparent increase in their size 
is owing to our being able to look at them nearer 
through a convex lens than we can do with the 
naked eye. 

Robert. — Surely, father, you do not mean to 
say that a fly is really as large as it seems to be 
when I am looking at it through a good magnifying 
glass ? 

Mr. P. — The same object appears large or 
small according to the distance at which it is seen, 
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as I explained to you in our Conversation on Vision, 
and a small object seen near appears larger than 
one many times its size at a distance. Thus, an 
object the length of an inch, at a foot distant from 
the eye, will appear as large — that is, it will con¬ 
ceal from view — an object one hundred times its 
size placed at a distance of one hundred feet; and 
the shadow of a pea, when held near the eye, will 
thus cover the face of the full moon. When a 
distant object—the figure of a man for instance — 
approaches us, it is increasing in apparent magni¬ 
tude every step the man advances; and when he 
comes within one foot, his face appears, probably, 
several hundred times larger than it did when 
first seen. Yet we do not say, in this case, that 
his face is magnified, because, as our eyes can see 
objects when only five or six inches distant, every 
thing we are accustomed to look at within that 
distance appears to be only of what we call its 
natural size. Now, when, by means of a lens, we 
are enabled to look at objects more closely than we 
can with the naked eye — suppose at three inches 
instead of six — the apparent increase of size we 
consider unnatural, and we say the objects are 
magnified. To a person who is very short-sighted, 
and accustomed to view objects as near as three 
inches, an object seen at that distance he would 
consider only of its natural size. 

Robert. — Then how can we tell what is the 
real natural size of things ? 

Mr. P. — The meaning of the term natural 
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^ize” is merely, that objects seen at a certain dis¬ 
tance appear of the same size as we have been 
accustomed to see such objects at such a distance. 
To a fly, we must suppose, that objects appear as 
Jarge as they do to us when viewed through our 
most powerful magnifiers, yet to it they are then 
only of their natural size. If we were accustomed 
to view all things as closely as a fly must do, they 
would appear to be equally increased in size as 
when viewed through a microscope, yet we should 
not then consider them to be magnified, any more 
than we now think a man is magnified by coming 
nearer to us. 

Frederick. — How is it, father, that a mag¬ 
nifying glass enables us to look at things so closely ? 

, Mr. P. — It is by making the diverging rays 
issuing from a near object parallel, by their refrac¬ 
tion, on passing through it. The image of the 
object is thereby formed distinctly on the retina at 
the back of the eye, which it cannot be when the 
rays diverge much on entering it. I will, however, 
explain the manner in which the rays of light are 
refracted, on entering and on passing out of a lens, 
to produce this effect. The kind of lenses usually 
employed are double convex lenses; that is, glasses 
rounded out on each side, like two watch-glasses 
joined together: but the explanation will be more 
clear if we consider, at first, the refraction ih 
glasses that are rounded on one side only and flat 
on the other. These glasses are called 'piano-- 
convex lenses. 
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Harriet. — Then those must be the shape of 
a single watch-glass, laid flat upon the table. 


Mr. P. — Exactly so. 
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Suppose a ^ to be such 
a glass, seen 
edgewise; the 
rounded part of 
whicb,a^^, forms 
a portion of the 
dotted circle 
whose centre is c. 

The lines g7^ 2 re¬ 
present parallel rays of light falling upon the con¬ 
vex surface of the glass. On entering the glass 
these rays will be refracted nearer to the perpendi¬ 
cular of the surface, as before explained to you.^ 
The line drawn from the centre of a circle to its 
circumference is, as you are aware, perpendicular 
to that point through which it is drawn; therefore 
the line c I will be perpendicular to the surface of 
the glass at the point where the ray g enters. 

Frederick. — I see you have made the ray g 
go through the glass to m in the same direction 
in which it enters; but, of course, it must be re¬ 
fracted towards the perpendicular. 

Mr. P. — Yes, just so. The dotted line is 
continued merely to show the amount of the re¬ 
fraction, for as soon as the ray enters the glass it 
is bent one-third nearer to the perpendicular, in 
the direction n p. On coming out of the glass 
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into the air, it is again refracted, and in the same 
degree^ from the perpendicular of the surface from 
which it issues. The perpendicular to this second 
surface, a is the line tw, and the refraction of 
one-third from this perpendicular will take the ray 
of light in the direction nf to the other extremity 
of the diameter of the dotted circle. The ray /?, 
as it enters and passes out of the glass perpendi¬ 
cularly to its two surfaces, will not undergo any 
refraction, and will arrive in a straight line at the 
point f The other ray i will be subject to the 
same refraction as the ray g was, and will, in a 
similar manner, be refracted to f where the three 
rays will meet. Any other parallel ray entering 
the glass will, by undergoing the same refraction, 
arrive at f where all the rays will concentrate in 
a point, and that point is called the focus^ as all 
the rays of light and heat from the sun are centred 
there in a burning glass. 

Frederick. — Then the focus of such a glass 
will be just the length of the diameter of the circle 
that forms the convex side ? 

Mr. P. — Yes, Frederick, that is the case when 
the refracting power of the medium is one third, 
as in common glass; but when the refraction is 
greater than one third, the rays will come to a 
point nearer the lens, and the contrary when the 
refractive power is less. . In a double convex lens 
made of glass the focus will be in the centre of 
the circle, as I will now show you. Let np be 
the direction in which a ray of light will be re- 
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fracted on entering the first convex surface of the 


..._ lens u e, as in the last 



figure. On coming out 
of the glass into the air, 
the ray will be refracted 



one-third from the per¬ 
pendicular of the convex 
surface. The perpendi¬ 
cular to this surface, at 
- the point w, is the line 


X drawn from the centre, x^ of the circle that' 
forms the second convex side of the lens. You 
see, therefore, that the directions of the ray of 
light, and of the perpendicular from which it 
is to be refracted, differ much more than they 
did in the other lens; in which the direction 
of the perpendicular from its fat surface was n 
As the degree of refraction is in proportion to the 
difference between the direction of the ray and 
that of the perpendicular, you must see that the 
more these differ the more will the ray be bent 
from its former course. 

Harriet. — I thought the degree of refraction 
had been always the same. 

Mr. P. — It always bears the same proportion 
to the perpendicular of the refracting surface, but 
the greater the difference between that perpendi¬ 
cular and the direction of the incident ray, the 
greater will be the amount of that proportion; in 
the same way that the third of nine inches is 
greater than the third of three. For instance, in 
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the single convex lens the difference between the 
direction of the ray and the perpendicular was 
only from m top, and the proportionate refraction 
brought the ray to Jl In the double convex lens, 
however, the difference is more than double, and 
the refraction, to bear the same proportion to it, 
must consequently be more than twice as great; 
and the ray, that before was refracted to J'y will 
be bent towards the centre c, 

Frederick. — Is the focus of all such lenses, 
then, in the centre of the circle ? 

Mr. P. •—i Yes, after allowing for the thickness 
of the glass, which, in some lenses, bears a consi¬ 
derable proportion to their focal distance. I 
have been thus particular in tracing the refrac¬ 
tions of the rays of light through a lens till 
they are brought to a focus, as this is seldom at¬ 
tempted to be explained in a manner intelligible 
to young persons. I hope I have succeeded in 
making you understand the subject, but the most 
satisfactory mode of impressing it upon your 
minds is, for you to make a drawing of each 
kind of lens, on a scale large enough to enable 
you to measure the degrees of refraction accu¬ 
rately. 

Robert. — I will make such a drawing this 
afternoon, and then I shall see whether all the 
parallel rays will be refracted by the same rule 
into the centre. 

Mr. P. — You must bear in mind in your 
drawing, that the degree of the refraction, both 
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to and from the perpendicular, is one-third of the 
whole after the amount of the refraction is added; 
and that, therefore, it is one-half of the length of 
the line drawn between the direction of the ray 
and the perpendicular. Thus, you perceive, in 
the last drawing, jp c, the amount of the refraction, 
is one-third of the whole line cy, but it is also the 
half of p y, 

Robert. — I am glad you have mentioned 
that, father, or I should have made a mistake, 
and have added only one-third the difference 
between the ray and the perpendicular. 
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Mr. P. — Well, Robert, did you make your 
drawing last night, and were you satisfied that all 
parallel rays are brought to a focus at the same 
point ? 

Robert. — Yes; I found that the parallel rays 
entering near the edge of the glass are refracted 
more than those near the middle, owing to their 
being farther from the perpendiculars of the two 
convex surfaces, which makes up for the difference 
in their distances from the centre. It was that 
which puzzled me at first. 

Mr. P. — Having now traced the rays of light 
to a focus, I will proceed to explain some of the 
phenomena which this concentration of the rays 
of light produce. The burning-glass is the most 
obvious illustration of this effect of convex lenses. 

Harriet. — Are burning glasses nothing but 
glasses rounded out on each side, papa ? 

Mr. P. — They are nothing but convex lenses, 
in which all the light from the sun that falls upon 
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their surfaces are brought to a point, by refraction^ 
in the manner I have described, and form in the 
focus a small image of the sun. As most of the 
light and heat spread over the surface of the burn¬ 
ing glass are concentrated in that small round 
spot, that spot must contain nearly the same 
quantity of light aiid heat that were before diffused 
over the glass, and its intensity is proportionably 
increased. The quantity of heat from the sun is 
the same, but the intensity of it, on one point, is 
increased by taking heat from other parts.| Thus, 
the space round the bright image is always dark, 
in consequence of the rays of light, that would 
otherwise have fallen there, being directed to the 
focus of the lens. 

Frederick. —Then, I suppose, when the sur¬ 
face of the glass is one hundred times larger than 
the bright spot, the heat on that point would be 
one hundred times greater than the common heat 
of the sun. 

Mr. P. — It would be so if all the light passed 
through the glass, but a portion of it is always 
obstructed even by the most transparent substances. 
Burning glasses have been constructed sufficiently 
powerful to melt plates of iron, and to convert 
slates into glass, in a few minutes. Such glasses, 
however, scarcely act upon transparent bodies, and 
the sun's rays maybe concentrated by them on a 
glass of clear water without any effect, as the rays 
pass through it; but, if the water be discoloured, it 
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will speedily boil. The reflected rays of light, pro¬ 
ceeding from all objects, are concentrated in the 
same manner as the direct rays from the sun; as I 
have shown you frequently in our conversations 
On vision, by making all the objects outside the 
window visible by collecting their rays in the 
focus of a convex lens; and I will now repeat the 
experiment. (Mr. Powell holds a convex lens 
between a white screen and the wmd(M\ at its focal 
distance from the screen^ so as to form a distinct 
inverted image of the objects in the road.) 

Robert.— But the rays of light are not brought 
to a point now, as they are by a burning glass, 
and the picture on the screen is larger than the 
glass itself. 

Mr. P. — I will endeavour to explain why the 
image should appear larger than the glass, though 
the rays of light are brought to the focus. Sup¬ 
pose the lines a c^ a d^alXo represent rays of light 



proceeding from the point of the arrow a r, and 
falling upon the surface of the double convex lens 
cdl. 

Harriet. — Are the rays of light from so small 
a thing as the point of an arrow spread all over 
the surface of the glass. 
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Mr. P. — Yes, my dear, every point of an 
object, as I have previously informed you, sends 
out mys of light, and we could not see the whole 
of an arrow unless rays proceeded from every^ 
part of it to the eye. The rays from tlie point of 
the arrow, therefore, in passing through the glass, 
are refracted in the directions c d /, and I % 
forming at i — where we will suppose them to be 
brought to a focus — the image of the point a, I 
have here only drawn three of the rays from the 
point a, to avoid confusion; but you must under¬ 
stand that rays proceed from the same point to all 
parts of the surface of the glass, and are reflected 
to /, where they contribute to form the image. 
In the same manner, the rays from the other end of 
the arrow are concentrated at and those from all 
the intermediate parts are brought to their several 
points between m and /, forming there a complete 
inverted image of the arrow. 

Frederick. — So that all the separate rays 
are brought to separate points; and, as the dif¬ 
ferent rays come to the glass in different direc¬ 
tions, they are brought to points in different parts 
of the screen. 

Mr. P. — Exactly so^ 

Harriet. — But what makes the houses, and 
trees, and men appear to be upside down ? 

Mr. P. — You observe, in the figure, that the 
central rays of every pencil of rays, from the top 
and bottom of the arrow, proceed in straight lines 
through the centre of the glass, and continue in 
K 2 
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the same direction in passing out of it. Thus, 
the rays a d and r d cross one another in the 
middle of the lens, and the ray from the top of 
the arrow proceeds to 2 , and that from the bottom 
to ms and as all the other rays converge round 
the central ones, the image must be inverted. You 
may convince yourself that the image would be 
formed in this manner by accurately measuring 
the refractions of the different pencils of rays in a 
drawing on a large scale, such as Robert made 
yesterday, 

Robert. — I see you have made the image 
larger than the object, — how can that be, father ? 

Mr. P. — The size of the image depends upon 
the distance at which it is formed from the lens. 
I will show you that this is the case by first using 
the same lens I have just employed, and then 
substituting one of a longer focus. [Mr. Powell 
forms images of the objects outside the window upon 
the screen with the two lenses^ as described.) 

Harriet. — Every thing appears much larger 
with the second glass, but not so bright, nor so 
distinct, as before; — what makes the difference, 
papa ? 

Mr. P. — This figure will make the cause 
quite evident. The arrow, a is supposed to be 
sending out rays of light to the lens, I n. The 
central rays of each pencil will cross in the centre 
of the lens, as I have already stated, and, after 
passing through, will diverge towards b c. If the 
rays be brought to a focus at 5 c*, a small image 
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will be formed there equal in length to the dis¬ 
tance between the diverging lines proceeding from 



the two extremities of the object. If the image 
be formed at twice the distance, as at de^ it will 
be twice the length; and, at four times the dis¬ 
tance, it will be four times the length, as at 
But, as the same quantity of light passes from the 
object through the lens in each case, it must be 
diffused, when the image is large, over a much 
greater surface; and, therefore, as the image 
increases in size, it diminishes in brightness. 

Frederick. — The image dX de seems to be 
the same size as the object. 

Mr. P. — Yes, because it is at the same dis¬ 
tance from the lens. I need not, perhaps, tell 
you, that when two straight lines cross one an¬ 
other, their opposite angles are equal, and that, 
at equal distances from the point at which they 
cross, the lines will be equally distant. As the 
rays from the top and the bottom of an object 
cross in the middle of the lens, the length of the 
image formed behind it will depend upon the dis¬ 
tance from the lens at which it is formed. Thus 
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the object a r, in this figure, is twice as distant 
from the glass as the first image b c, and it is 
twice the length. The image d e, and the object 
are equal in size, and are at equal distances from 
the glass ; whilst the image at J 'which is twice 
the diameter of the object, is at twice its dis¬ 
tance from the lens. 

Frederick. — Does the same rule answer for 
all the objects seen out of the window ? 

Mr. P. — Yes, it will apply even to the sun 
himself; for the small image formed in the focus 
6f h burning glass bears the same proportion to 
the size of the sun, as the distance of the focus 
from the glass bears to the distance of the glass 
froni the sun. 

Harriet. — Then, if we could only get a 
Screen large enough and far enough off, and a 
glass of proper focus, we might make the sun’s 
ima«ce as large as himself. 

Frederick. — And, even on a small scale, we 
might, I suppose, if we knew the distance of the 
sun, measure his size by measuring the image and 
its distance from the glass. 

Mr. P.-^ Yes, Frederick; or by knowing the 
size of the sun, you might, in the same manner, 
estimate his distance from the earth. Measure¬ 
ments might be taken, in this wray, of inaccessible 
heights, or of other objects, by first ascertaining 
their exact distance, and then measuring the size 
of their images and the focal length of the lens. 
For instance, if the image of a tree, 400 yards off, 
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were formed at a distance of one yard from a lens, 
and measured exactly one inch, then wn should 
know that the height of the tree was 400 inches, 
that is 33 feet 4 inches. 

Fredeiuck. If we know the distance of the 
focus, would not that be enough, without measui> 
ing the distance of the image from the glass ? 

Mr, P.-r^No, it would not; for when an ob^ 
ject is near, and the rays diverge from it on enter¬ 
ing the lens, they are not brought to a focus so 
soon; and the nearer the object is brought to the 
lens, the more distant and the larger will be its 
image. When the object arrives at the focal 
distance, the rays from it will be so divergent, 
that on passing through the lens they will 
rendered parallel, and not form any image. If 
the object be brought still nearer, the rays will 
continue to diverge on passing through the glass, 
but their divergence will not be so great as it was 
before. 

Harriet. — I do not yet understand, papa, 
why we are able to look at things nearer with 
magnifying glasses. 

Mr. P. — I have just now mentioned that, as 
parallel rays are converged to a focus on passing 
through a convex lens, so, on the contrary, rays 
of light diverging from the focus to the lens, are 
made parallel by their refraction on passing 
through the glass; therefore an object placed in 
the focus of such a lens may be seen distinctly 
through it by the eye, however near the focus of 
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the glass may be. If, then, a person who cannot 
see an object clearly when placed nearer to his 
eye than eight inches, is able, by a convex lens of 
one inch focus, to see the same object eight times 
nearer than before, it will be magnified eight 
times in diameter. If, again, he use a l^ns whose 
focal distance is not more than the twentieth part 
of an inch, it will make objects appear to be 160 
times longer, and their surface 25,600 times 
larger. 

Harriet. —And will it magnify so many times 
tnerely by your being able to look at things so 
much nearer ? 

Mr. P. — Yes, my dear, that is the only way 
by which the astonishing effects of magnifying 
glasses are produced; for the nearer you can 'view 
an object, the larger it will appear, as I mentioned 
in our conversation on vision. 
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Mr. P. — We will now apply the knowledge you 
have gained respecting lenses, and the formation 
of the images of objects by them, to explain the 
cause of the magnifying powers of telescopes and 
other optical instruments. 

Harriet. — I have often wondered, papa, 
when looking through your telescope, how dis¬ 
tant things could be brought so near as to make 
me think I could almost touch them; and I shall 
be quite glad to know how it is. 

Mr. P.—Refracting telescopes, which are those 
most commonly used, consist of a convex lens 
placed at the [large end of the tube, and called 
the object glass. The focus of this glass is gene- 
jally nearly as long as the tube. Its use is to 
form an image of the objects looked at, and the 
longer the focus the larger the image will be, as I 
mentioned to you yesterday. Suppose an object 
thirty feet high were seen at a distance of 360 
yards, and the image of it were brought to a focus 
three feet from the pbject glass, such an image 
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would be 360 times less than the object; that is, 
one inch long. This image, viewed at a distance 
of one yard, would appear the same size as the 
object does when viewed by the eye from the end 
of the telescope, as will appear from this figure. 
Suppose cdtohQ the object, I n the lens, and i m 



a 


the image. I will now draw a h at the same dis¬ 
tance before the lens as the image is behind it, 
and (because it is drawn between the converging 
rays from the two extremes of the object, which 
cross each other at e^) it will be also of the same 
size as the image. It is evident, therefore, that 
to an eye situated at the point ah will just 
cover the object, and will appear as large to the 
eye. 

Harriet. — But if the object glass make a 
thing appear only of the same size as when 
looked at by the eye, what good does it do ? 

Mr. P. — You forget, Harriet, that we have 
as yet supposed the image to be viewed not nearer 
than at the distance of one yard, that is, thirty-six 
inches, from the eye; but most persons would be 
able to look at it six times nearer than that, and 
it would then appear to he six times longer ‘than 
when seen by the naked eye. Again, by using a 
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second convex lens, called an ^ye^glass^ of one inch 
focus, we can look at the image when only one 
inch from the eye, and it would then appear 
thirty-six times larger in diameter than the object, 
and thirty-six times thirty-six, that is il396, times 
larger in surface. 

Freotbick. Is it in this manner, then, that 
telescopes are made to magnify ? 

Mb. P. — Yes. An instrument made in the 
manner I have described is termed an astronomical 
telescojpcp It is used only for looking at the 
heavenly bodies, because the images are shown in¬ 
verted. To make the objects appear upright two 
other eye-glasses are used, of the same focus, in 
which the rays of light are made to cross one 
another, and the object is thus seen in its natural 
position. The most powerful telescopes are the 
reflecting ones, in which the image of the object is 
formed by reflection from a concave mirror, and 
it is afterwards viewed by an eye-glass of small 
focal length. AH telescopes, however, depend 
upon the principle of first forming an image of the 
object looked at, and then viewing that image by 
a lens of small focus; nnd the larger the image, 
and the nearer it can be looked at, the greater 
will be the magnifying power. 

Frederick. Then by forming a very large 
image, and using a very small eye-glass, a tele¬ 
scope might be made to magnify to any size, I 
suppose ? 

Mr. P. — Many practical difficulties arise in 
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the construction of telescopes that limit their 
magnifying power. For instance, as you increase 
the size of the image, the quantity of light upon it 
is diminished, as I have before mentioned; and, 
therefore, the diameter of the tube and the cir¬ 
cumference of the object glass, or reflector, must 
be large in proportion, or the image would be too 
dim to be clearly seen. You will have some idea 
of the difficulties attending the construction of 
large telescopes, when I tell you that the tube of 
the large reflecting telescope made by Dr. Her- 
schel weighed many thousand pounds, and that 
the reflector itself weighed nearly one ton. The 
diameter of its tube was four feet ten inches, and 
its length forty feet: this telescope magnified 
about 6000 times. 

Robert. — But could not he have made a 
shorter telescope magnify as much by using an 
eye-glass with a very short focus ? 

Mr. P. — When eye-glasses of very short focal 
length are used, the great refraction of the rays of 
light separates them into their prismatic colours, 
and makes the images seem very indistinct. — 
Having now told you how objects are apparently 
brought nearer by telescopes, you will readily 
understand the effect of the compound microscope, 
which magnifies objects in the same manner. 

Robert. — How can that be, father, for in 
microscopes the things we look at are placed close 
to the glass, and with telescopes we see things at 
a great distance ? 


OPTICAL INSTRUMENTS. 


205 


Mr. P. — The only difference between them is, 
that in telescopes, as the rays of light proceed from 
distant objects nearly parallel, the image is formed 
in the focus of the object glass; and, in micro¬ 
scopes, the image is formed beyond the focus. 

Harriet. — How is that, papa ? 

Mr. P. — The object glass in a microscope is 
of very small focal length, and the object to be 
viewed is placed nearly in its focus; therefore the 
rays diverge so much on entering the glass, that 
it cannot concentrate them into points until they 
,have passed far beyond the focus of parallel rays. 
The image is, consequently, as much larger than 
the object as its distance from the glass is greater, 
as I stated to you yesterday; but this sketch will, 
perhaps, impress the subject more upon your 
minds. The small object, a 5, is placed so near 
the focus of the small lens, 
I that the rays from it are 
not brought to a focus until 
they have arrived at i m. As 
w the rays from the two ex¬ 
tremities of the object cross 
each other in the centre of 
the object glass, I w, the size 
of the image must depend 
upon its distance from the 
lens; and m — which is 
ten times as far from the lens 
as a — it will be ten times 
longer than the object. This 
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image, when viewed by the naked eye, will appear, 
therefore, ten times the length of the object; and 
when looked at through an eye-glass, c that will 
enable you to see it ten times nearer, it will appear 
to be ten times ten, or one hundred times, the 
length. 

Frederick. — Does the solar microscope mag¬ 
nify objects in the same way ? 

Mr. P. — Not exactly. In the compound mi¬ 
croscope an enlarged image of the object is formed, 
and it is then viewed by an eye-glass; but, in the 
.solar microscope, we look at the image itself, 
thrown on a screen. The light of the sun is first 
reflected by a mirror, on the- outside the window- 
shutter, upon a lens that concentrates the light 
upon the object to be viewed, which is placed near 
the focus of a smaller lens, as in a compound mi¬ 
croscope^ and the cross rays diverging as they 
proceed, form an image on the screen, that is 
magnified in proportion to the distance of the 
screen from the lens. Objects may, by this micro¬ 
scope, be magnified to almost any size, for so much 
light may be concentrated upon them, as to make 
their images distinctly visible when magnified even 
500 times in length, and therefore 250,000 times 
in surface. In this manner we become sensible of 
the existence of hundreds of living beings, invisible 
to the naked eye, moving in full activity in a drop 
of water as their little world. 

Harriet. — I remember, papa, you showed us 
some mites in xheese with your solar microscope. 
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last summer, wTiich appeared as lari^e as crabs, 
crawling about the screen with crumbs of cheese 
in their mouths that seemed large enough for a 
man’s dinner. 

Mr. P. — The astonishing effects of the magic 
lantern are produced in nearly a similar way to 
those of the solar microscope, the light of a lamp 
being employed as a substitute for that of the sun. 

Frederick. — I wish you would describe it to 
us, father. 

Mr. P. — Yes, my dear, I will; for though it 
olosely resembles the solar microscope in principle, 
yet, as the light is derived from a radiant point, 
and therefore strikes upon the objects divergingly 
instead of parallel, as in the solar microscope, an 
•additional lens is necessary to counteract the effect 
of this divergency. Many of the descriptions that 
I have seen of this instrument in elementary works, 
are very incorrect and unsatisfactory ; I will there¬ 
fore endeavour to make you clearly understand the 
mode of its operation. If you hold a painted slide 
close to the flame of a candle, it will intercept 
part of the diverging rays, and a large indistinct 
coloured image will be thrown on the wall. If 
you were to place a convex lens a little beyond its 
focal distance from the slide, a distinct image of 
the central part of the painted figure will be 
formed, and it will be as much larger than the 
corresponding part of the object as the distance of 
the lens from the wall is greater than its distance 
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from the object. This is a magic lantern in its 
simplest form. 

Robert. — What should pre\rent the whole of 
the figure from being seen, as in the real magic 
lantern ? 

Mr. P. —It is the divergence of the rays as 
they proceed from the candle ; but I can best ex¬ 
plain this by a drawing. Here a b represents the 
{position of the painted slide in the magic Ian tern j 
c d the tube through which the light proceeds 

to the screen, and 
J' the flame of 
the lamp, sending 
forth its diverg¬ 
ing rays to the 
painted figures. 
You perceive that most of the rays, excepting 
»those that pass through the central part, are ob¬ 
structed by the tube, and that only the middle 
ones reach the lens, I n ; the images of those parts, 
therefore, would be alone converged to a focus on 
the screen in such a magic lantern. 

Robert. — Then how is it contrived that the 
lens should collect the rays from all parts ? 

Mr. P. — A large and powerful convex lens is 
placed close to the object, by which the rays of 
light are greatly concentrated, so as to cause most 
of the rays from the figure to fall upon the second 
lens at the end of the tube. 

Frederick. — Then the second lens acts in 
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the same way as the object-glass in a solar and in 
a compound microscope. 

Mr. P. — Yes, my dear, it does. It is placed 
a little beyond its focal distance from the object, so 
that each pencil of diverging rays flowing from 
different parts of the object may be brought to a 
point considerably beyond the real focus of the 
lens, and if a screen be placed at a proper distance, 
a distinct image of the painted figure will be seen. 
As the rays of light cross one another in the 
middle of the object lens, the image will increase 
in size in proportion to the distance of the lantern 
from the screen, but as it increases in size its 
brightness diminishes, because the same quantity 
of light is then spread over a larger surface.—Here 
is a section of a complete magic lantern, showing 
the situations of the lenses, a and 5, and the direc¬ 



tion of the rays of light, from their first divergence 
to the painted glass, till they cross in the object¬ 
ions, and again diverge to the screen. 

Frederick. — Then the magnifying effect of 
the magic lantern is owing only to the rays of 
light from the lamp being collected to a focus on 
the screen after passing through the painted glass ? 
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Mr. P. — That is all. When the lantern is 
removed farther from the screen, the image will 
become indistinct, and to bring the rays to a focus 
it will be requisite to move the object lens nearer 
to the painted slide, to increase the divergence of 
the rays, and thereby prevent them from concen-* 
trating until they arrive at the more distant screen. 
When the lantern approaches the screen, on the 
contrary, it will be necessary to diminish the dw 
vergeiice of the rays by removing the lens farther 
from the object. As the rays from the object cross 
in the centre of the lens, of course the images are 
inverted, but this is easily remedied by inverting 
the painted figures, which are then shown up-» 
right. 

Frederick. — What is the difference between 
the magic lantern and 'phantasmagoria ? 

Mr. P. — The exhibition called phantasma-^ 
goria is produced by merely surrounding the ob¬ 
jects painted on the slides with a perfectly opaque 
back ground, and then throwing the images on a 
screen through which they may be seen on the 
other side; the exhibitor and the lantern being 
thus concealed from view, and nothing visible but 
the luminous figures. As the lantern recedes 
from the screen the objects enlarge, and seem to 
advance upon the spectator; and as the exhibitor 
brings the lantern nearer, they seem to depart. 
The effect is still more wonderful if the image be 
thrown upon smoke, rising from a concealed fire; 
in which case the moving smoke appears to give 


OPTICAL INSTRUMENTS, 


211 


motion to the figure, and, to a person not aware of 
the deception, it produces an appalling sensation. 
The image may also be reflected from a thick fog, 
as from a screen. Many a ghost story owes its 
origin to deceptions of this kind. 

Harriet. — Even when I know what it is, I 
cannot help feeling afraid when you exhibit some 
of the horrible figures in the magic lantern. 

Mr. P.— It is very foolish of you, Harriet; you 
should endeavour to conquer such weakness; and 
to give you an opportunity of doing so, I will exhibit 
the magic lantern this evening: it will be an agree¬ 
able termination to the subjects of light, lenses, 
vision, and optical instruments. 

Harriet. — Oh do, dear papa ! I shall be so 
much pleased if you will. 

Robert. — And if you will let me, father, I 
will paint round the figures on some of the slides 
with black, so that we may see the effect of phan¬ 
tasmagoria. 

Mr. P. — Yes, my dear, if you wish it; and 
then we shall put Harriet’s courage to the greater 
test. 
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CONCAVE AND CONVEX MIRRORS. 


Frederick. —Are the figures we see in the air 
before a concave mirror produced by reflection, 
in the same way as the images behind a looking 
glass ? 

Mr. P. — Yes they are. The effect is very 
extraordinary, and I will endeavour to explain the 
the cause of it. Suppose e to be a concave 


^ mirror, forming part of 
the interior of a globe, 
^ the centre of which is 
c. Now all lines that 
are drawn from the 
centre of a circle to its 



circumference are perpendicular to that point of 
the circumference to which they are drawn. The 
surface of a concave mirror may, therefore, be 
considered as composed of innumerable small 
plane mirrors, so arranged that lines of equal 
length drawn from the centre of a circle will fall 
perpendicularly upon them. If, then, rays of light 
issue from the centre c, and fall upon the concave 






CONCAVE AND CONVEX MIRRORS. 


213 


surface of the mirror e all the rays will be re¬ 
flected back upon the same point. 

Frederick. — Just in the same way that rays 
striking perpendicularly against a looking-glass 
are sent back to the object ? 

Mr. P. — Yes; and at the centre, c, an image 
of the object would be formed by the rays thus 
reflected meeting there. When the rays proceed 
from an object so distant that they arrive at the 
mirror parallel to one another, as c? g 5, they will 
be reflected at an equal angle on the other side 
the perpendiculars of the surfaces against which 
they strike. Thus the ray d e will be reflected in 
the direction e which is at an equal angle on 
the other side of the perpendicular, c e. The ray 
h h will be also reflected to f; and all the other 
rays will, in the same manner, be concentrated at 
that point; which is, therefore, termed the focus 
of such a mirror. The focus of parallel rays is 
half way between the centre of concavity and the 
mirror. At that point the image of a distant ob¬ 
ject will be formed, and may be seen in an inverted 
position in the air. If you stand before this con¬ 
cave mirror beyond the centre of its concavity, you 
will see yourselves in the air. [Mr. Powell 
places a concave mirror on the table into vchich 
the children look ; and they express great astonish- 
ment at seeing themselves in the air mth their feet 
uppermost^ 

Harriet. What makes us appear to be 
upside down, papa ? 
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Mr. P. — I have hitherto considered the object 
to be a luminous ^oint placed in the axis of the 
glass; that is, in a line, c a, drawn through the 
middle of it to the centre of concavity, c. But 
let us now trace the reflection of the rays from an 



object placed below the axis. We have here a 
representation of Robert standing before the con¬ 
cave mirror, and below its axis. Rays of light 
must proceed from his body in all directions to 
the mirror, but we will only follow three of those 
proceeding from his head and his feet, and as all 
the other rays, when converged to a point collect 
round their central ones, we will first trace the 
reflection of the ray h as the other rays from 
the same point will collect on the line of its reflec¬ 
tion. The ray h therefore, striking against the 
the point «, to which the axis, c is perpendicu¬ 
lar, will be reflected at an equal angle on the 
other side; that is, above the axis, in the direction 
a u The rays h e and h d will be reflected in the 
same way, and meet on the line a i, at /, where an 
image of Robert’s feet will be formed. The rays 
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proceeding from his bead, by obeying the same 
law of reflection, will be brought to a point oh the 
axis of the mirror at tw, and all the intermediate 
rays from his body will be reflected in their proper 
positions between m and /, forming there an inverted 
image of his whole figure. 

Robert. — But my little image is not in the 
focus, for it is nearer to the centre than it ought 
to be. 

Mr. P. — Your figure is represented as being 
so near the mirror, that the rays diverge as they 
proceed to it. Rays that diverge when they fall 
upon a concave mirror, cannot be brought to a 
point so soon as parallel rays, and the greater the 
divergence the more distant will the image be from 
the focus, as is the case with images formed by 
convex lenses. Thus, if the object be placed at 
the centre of concavity, the image will be formed 
there also, and their sizes will be equal. If the 
object be placed still nearer, the image will recede 
farther from the glass, and be larger than the 
object. For instance, if you were pdaced as near 
to a large concave mirror as your image is re¬ 
presented to be in the drawing, you and your 
image would then cljange places and sizes, and in 
that case it would be as much larger than you, as 
you are here drawn larger than it. — This pro¬ 
perty of concave mirrors of forming images in the 
air has been ingeniously applied to produce many 
deceptive appearances, calculated to strike the 
uninitiated with the greatest astonishment, and that 
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have been regarded by the ignorant as the effects 
of magic. 

Robert. — When I look nearer to the concave 
mirror, I see my face behind it, and very much 
magnified. 

Mr. P.—Yes, Robert, that is another peculiarity 
of concave mirrors. When an object is placed in 
the focus of such a mirror, the incident rays di¬ 
verge so much that they are reflected from it 
parallel to one another, and no image is formed. 
If the object be brought nearer than the focus, 
the rays diverge after they are reflected, though 
not so much as before. Now, persons cannot 
usually see any object distinctly if placed nearer 
to the eye than six inches, owing to the great 
divergence of the rays firom a near object; but as 
a concave mirror reflects the rays in a less diverg¬ 
ing direction than they were when they fell upon 
it, the image reflected can be looked at nearer 
than the object can with the naked eye; and the 
nearer you can look at any thing, the larger it 
appears, as I have previously explained.* The 
subject will be more intelligible, perhaps, by 
means of this drawing. Let a b represent Robert’s 



* Conversations on Vision and Magnifying Glasses. 
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eye looking at itself in the concave mirror, cd» 
The parallel rays, a c and h from the eye-brow 
and from the lower part of the eye, will be re* 
fleeted into the pupil of the eye at and the 
image will be seen in the direction of the reflected 
rays i ^ and m c, viz., at i m, where the magnified 
image will be visible. 

Harriet. ^— What is the reason, papa, of 
every thing appearing so little in the round mir¬ 
rors that we sometimes see in drawing-rooms ? 

Mr. P. — They are called convex mirrors^ and 
bulge outwards in the middle, instead of being 
hollowed, as concave mirrors are. The effects 
produced by reflection from their surfaces are, as 
you must have observed, totally different from 
those produced by reflection from a concave sur¬ 
face. Parallel rays of light, falling upon a con¬ 
vex mirror, are made to diverge, as if proceeding 


/«• 



from a point behind the mirror, ^s will appeair 
from this figure. The parallel rays, a b and r dy 
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proceed from 'the object ar to the convex 
mirror h which has its centre of convexity at c\ 
from which the surface of the convex mirror is 
drawn. Lines drawn from c to the points h and 
d will, therefore, be perpendicular to the surface 
of the mirror at those points, and the mcideht 
parallel rays will be reflected at an equal angle on 
the other side of them, that is, in the diverging 
directions bg and dk. 

Frederick. — Then such rays will never meet 
at a focus ? 

Mr. P. — No; they will, on the contrary, di¬ 
verge more and more the farther they extend. 

Harriet. — How does the diverging of the 
rays make things appear less than they are ? 

Mr. P. — I will show you how that effect is 
produced, by tracing the reflection of other rays 
from the object a r, to the eye placed at e. It is 
evident, as the I'ays are reflected in all directions, 
that the ray an^ in that figure, is the only one 
reflected to the eye from the point of the object, 
and r s the only one from the bottom of it. The 
image will consequently be seen in the direction 
of the reflected rays ii e and s and will appear 
o be much diminished in size, as at i 

Robert. — I do not yet understand why things 

* The rays of light reflected from a convex mirror, di¬ 
verge as if proceeding from an image placed behind the glass, 
between the centre of convexity and the convex surface; 
but the apparent distance of reflected objects is generally 
far beyond the virtual focus of the mirror. 
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should appear less in a convex mirror than in a 
common looking^-glass. 

Mr. P. —rit is owing to the convex surface 
reflecting the rays from points nearer to each 
other. Thus, suppose the straight line d d to be 
a plane mirror, the ray from the point a of the 



object will be reflected, to the eye at from 
and the ray from r will be reflected from g', and 
the image will appear at i m of the same size as 
the object would appear if viewed from the other 
side the glass at o, because the angla j:) e ^ and 
the angle o g' are equal. But when the same 
object is reflected from a convex surface, repre* 
sented by the dotted curved line, the reflections 
from the top and bottom of it will take place from 
points nearer than before, viz. from n and s. The 
image is therefore reflected from the reduced 
space of n s, instead of from p and it will ap¬ 
pear, consequently, less than the object, as at i m. 
The angle subtended to the eye by the reflection 
from the convex surface is, you perceive, much 
less than that of the reflection from the plane 
mirror ; and the difference in apparent size of the 
L 2 
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two reflections will bear the same proportion as 
the space between bears to the space between ns, 

Robert, — I see: the ray that strikes against 
the glass at the point on the convex surface, 
would be reflected above the eye, because it 
would be nearly in the line of the perpendicular 
of the convex surface at that part. 

Mr. P. — You are right: no ray from the 
point of the arrow, but that reflected from w, 
would be seen by the eye at for all the other 
rays would be reflected above or below it. 
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Mr. P. — As the morning is remarkably mild 
and fine, we will take a walk; and, Frederick 
and Robert, bring your kites, that as you fly 
them I may endeavour to explain the cause of 
their ascent. (Frederick and Robert fetch their 
hites^ and accompany Mr. Powell and Harriet 
in their *walk.) 

Frederick. — I should like very much to 
know what causes the kite, which is so much 
heavier than the air, to support itself at so great 
a height; it is a thing that has often puzzled me. 

Robert. — It must be owing to the wind, for 
we know that kites will not fly when there is no 
wind. 

Frederick. — Yes, Robert, I know that; but 
how is it that the wind can keep the kite in the 
air for a length of time, when'all other things 
blown up by the wind soon come down again ? 

Robert. — Why, it is owing to the tail and 
the string. iii 

L 3 
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Mr. P. — The tail and the string are, indeed, 
necessary to enable the kite to ascend; but you 
should be able to tell in what manner they pro¬ 
duce this effect, otherwise your explanation con¬ 
veys little information. The cause of kites flying 
is a question that has been thought worthy the 
investigation of the greatest mathematicians; but 
I shall try to make you understand it sufficiently, 
without reference to what would be, to you, 
puzzling demonstrations. 

Frederick. Shall I get my kite ready now? 

Mk. P. — The field we are in will do very 
well; and this breeze is favourable to us. Let 
tne look at your kite^ Frederick, and see that it is 
property balanced. 

Frederick. — Is that of much importance? 

Mr. P. — The kite will not fly steadily unless 
the sides are equally balanced; and it is for this 
reason the wings are added, which are of no use, 
provided the kite balances without them. [Mr. 
Powell holds the Idle up hy the strings to try whe-- 
ther it balances^ and ^whether the lo'voer end dips 
down sufficiently^ It is all right, I perceive, 
therefore get your string ready; and, Harriet, 
hold the kite up against the wind to assist its 
ascent. (Frederick runs with the strings which 
draws the kite out of Harriet’s hand^ and it rises 
in the air.) Stop, Frederidk, you need not run 
iiny farther, but let out the string gently, as the 
kite draws it through your fingers. 
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Harriet. — What was the use of his running 
at all ? 

Mr. P. — The resistance of the air, as Fre¬ 
derick ran with the kite, acted in the same manner 
as the wind blowing against it, and therefore 
assisted the kite to rise in the air. The running is 
necessary also, in the first instance, to keep the 
kite in an oblique position until the tail has 
cleared the ground. 

Frederick. — Is it absolutely necessary that 
the kite should be kept in a slanting direction to 
make it rise ? 

Mr. P. — The principle of kite-flying depends 
entirely upon it, as you will perceive on a 
slight explanation. Robert, hold up your kite 
obliquely, at an angle of about 45°, whilst 
Harriet holds the string in a direction perpen¬ 
dicular to the plane of the kite. (Robert and 
Harriet hold the Mte and string as requested,^ 
As the wind blows against the kite horizontally, 
whilst it is in this position, it forms an angle wdth 
its surface of 45°, and wdll be reflected at an 
equal angle on the other side of the perpendicular, 
represented by the string. Now you are aware, 
when any thing is reflected from the surface of 
another, the reflecting body is acted upon with as 
much force as the thing reflected; in other wordsj^ 
the action and re-action are equal, and in oppositq 
directions. This is one of the laws of motion. 
The kite will, therefore, be acted upon by the 
reflection of the wind in the opposite direction tq 
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that in which the wind is reflected; and, as 
Robert’s kite is now held inclining at an angle of 
4*5% and the wind strikes it horizontally, the re¬ 
flection will be perpendicular to the horizon, and 
the re-action on the kite, that is, the force of the 
reflected wind, will be directed perpendicularly 
upwards. 

Harriet. — I do not exactly understand what 
you mean, papa: could you make the explanation 
clearer by showing us the direction and reflection 
of the wind in a drawing? 

Mr. P. — I will endeavour to do so, my dear; 
and if I succeed in making you comprehend the 
theory of kite-flying, you will know more on the 
subject than the most successful kite-flyers gene¬ 
rally do. Let a h represent Frederick’s kite in 
the air, inclined at an angle of 45° to the surface 
’ ^ of the earth, and 



let d s represent 
the string, which 
we will suppose 
to be perpendi¬ 
cular to the plane 
of the kite a h. 


^ If the wind be 
blowing in the 




direction when it strikes the kite at d (forming 
the angle 'ty d 5 with the perpendicular), it will 
be reflected at an equal angle on the other side 
the perpendicular ds, that is, in the direction dg; 
and the force of the reflected wind, re-acting on 
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the kite in the opposite direction, will tend to 
carry it perpendicularly towards Ji. But the 
wind, in the direction ly t/, also acts on the kite at 
the same time, tending to carry it horizontally 
towards and the weight of the kite itself is 
tending to bring it down to the ground in the 
perpendicular direction d g. The kite is thus 
acted upon by three forces, — one impelling it to¬ 
wards the other towards and the third to¬ 
wards g, 

Harriet. — Then the poor kite is pulled three 
ways at once, — upwards, downwards, and side¬ 
ways. It must be puzzled, I should think, to 
know which way to go. 

Mr. P. — It takes a direction between the 
three. If the weight of the kite pull it towards 
the ground with the force of two pounds, and if it 
be impelled horizontally with a force equal to two 
pounds and upwards also with the same force, 
the kite will move horizontally, and the two other 
forces will be destroyed. 

Frederick. — How is that, father? 

Mr. P.— Because the forces in the opposite 
directions, dg and dh^ act directly against each 
other, the one up and the other down, with equal 
strength, and therefore have no impelling power 
up or down, and leave the kite to be propelled 
solely by the horizontal power, which will act upon 
the kite with its whole force of two pounds. ’ If 
the forces be unequal, that is, supposing the force 
L 5 
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of the wind horizontally and upwards to be four 
pounds each, instead of two, whilst the weight of 
the kite remains the same, then it would be im¬ 
pelled horizontally towards k with a force of four, 
and upwards with the force of two pounds (which 
is the difference of power between the upward 
and downward forces). If we make the dotted line 
d k twice the length of d /i, that being the propor¬ 
tion of their respective forces, and draw the paral- 
lelogranl dhlky then the diagonal d I will repre¬ 
sent the direction of the kite under such circum¬ 
stances. If the string of the kite be held tight, 
its horizontal motion is thereby prevented, and 
the whole force of the wind is directed upwards. 

Frederick. — Then do the forces vary in 
power according to circumstances ? 

Mr. P.—Yes; the reflective force varies with 
the resistance offered to the wind by the reflect¬ 
ing body. For instance, if you were to slacken 
the string, the resistance of the kite to the wind 
would cease, and the kite would be carried along 
in the direction of the wind, till it fell to the 
ground; for as soon as the resistance ceased, the 
reflection would cease also. You can now try the 
experiment. Let the string run out rapidly, and 
by that means you will diminish the kite’s resist¬ 
ance to the wind, and, consequently, lessen the re¬ 
flecting power. (Frederick lets the string run 
out^ as his father directs^ Md the kite begins to 
descend,) 
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Harriet. — Look, Frederick, your kite is 
falling. 

Mr. P. — It has lost the reflective force of the 
wind, in consequence of the string being loosened, 
and can no longer support itself in the air. Pull 
the string in quickly, Frederick, or it will be 
down : — quick ! quick ! 

Frederick. — (Pulling in the string,) Now it 
is rising again, and more perpendicularly than 
before. 

Mr. P. — Yes, you have pulled the string in 
so tightly, that the horizontal force of the wind 
cannot act upon the kite; and the reflective or 
perpendicular force is therefore, brought into 
action with scarcely any counteracting power. 

Robert. — What is the use of the kite’s tail ? 

Mr. P. — It has two very important uses : in 
the first place, its weight acts as ballast, and keeps 
the kite in an upright position by bringing the 
centre of gravity below the point of suspension. 

Robert. — That might be done by fastening 
a small weight to the bottom. 

Mr. P. —It might so, but not nearly so well; for 
it would require a much heavier weight to answer 
the purpose, if fixed to the bottom of the kite, 
than it does when fastened at the extremity of a 
long string; and it is important to have the kite 
as light as possible. The tail also serves another 
most essential purpose, viz. to preserve the proper 
inclination of the kite. 

L 6 
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I Frederick. — In what manner does it do that, 
father ? 

> Mr. P. — The bobs,” or pieces of paper 
fastened to the kite, present a considerable surface 
to the action of the wind; and if the weight at the 
end be not too heavy, it will be carried out by the 
wind, and will pull the kite into a slanting po¬ 
sition, which, as I have shown you, is essential to 
its rising. 

Robert. — I will try to fly my kite without the 
bobs, and see how it will do. . 

Mr. P. — Do so, Robert; there is nothing so 
convincing as experiments. * (Robert takes off 
the bobs from the tail^ leaving the might at the end,) 
Harriet, my dear, hold it up, and let the kite with 
a naked tail have a fair trial. Now, Robert, run 
with it as fast as you can. 

Harriet. — It scarcely rises high enough to 
dear the tail from the ground ; and, now Robert 
stops, it is fallen. 

Mr. P. — I concluded it would do so; for the 
tail hangs so perpendicularly without the bobs, 
that the kite cannot maintain its proper inclin¬ 
ation. (Robert comes back voith his kite,) Well, 
Robert, are you satisfied that the papers are of 
use? 

Robert. — Yes ; I must fasten them on again, 
for the kite flew nearly upright without them. 
What would be the effect of increasing the 
number and size of the bobs? 
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Mr. P. — In that case the wind would carry 
the tail out too much, and the kite would be in¬ 
clined too horizontally. 

Frederick. — At what angle should a kite be 
inclined, to fly the best ? 

Mr. P. — You perceive, from the drawing, that 
at an angle of 45^ the reflected wind acts most 
perpendicularly; but a position rather more up¬ 
right than that would have a better effect in rais¬ 
ing the kite, as a larger surface would be presented 
to the action of the wind; and though the kite, in 
that case, would rise more horizontally, yet the 
advantage of having a larger surface exposed to 
the wind would more than compensate for any 
disadvantage in the loss of perpendicular force. 
The inclination of a kite may be greater in a strong 
wind than in a fjentle breeze. 

Frederick. — There is one thing, father, that 
takes place when a kite is flying, that must make 
an alteration in the reflection of the wind. You 
spoke of the kite as having a flat surface, but we 
know that, when it is in the air, the wind blows 
the two sides very much backwards: what effect 
has that on the reflection of the wind ? 

Mr. P. — I am glad you have reminded me of 
the circumstance, though it does not alter our 
theory of kite-flying, as depending on the re-action 
of the reflected wind. The inclination of the sides 
of the kite produces an alteration in the direction 
of the reflected force of the wind, so as to bring it 
to bear more at right angles upon the surface of 
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the kite, as you may perceive from this drawing. 
The lines represent the sides of the kite bent 


backwards by the wind, and 
the dotted lines r r the di¬ 
rections in which the re-action 


of the reflected wind takes 
effect upon the inclining sides. 
V The forces in this case are 


X* 



/ 


\ not directed perpendicularly 
upwards, but the re-action in 
this position operates much 
more effectually, as it is ex- 


/ 


erted at right angles to the kite, instead of acting 
obliquely against it, as before. Besides, as the 
reflected forces act on each side, at an equal angle 
from the perpendicular, the result of the composi¬ 
tion of the two forces will be a perpendicular im¬ 
pulse in the direction s d. 

Robert. — Would kites fly better if they could 
be made quite stiff and unyielding ? 

Mr. P. — No, my dear, not so well by any 
means; for the action of the wind in different 
directions on the inclined sides of the kite tends 
to keep it steady, and prevents the kite from 
turning edgeways to the wind, which it would be 
apt to do if the surface were quite flat. A very 
simple experiment will show the advantage of in¬ 
clining sides in steadying the kite. I will fasten a 
piece of string to the middle of this card, which is 
quite flat, and Harriet shall run with it as if she 
were flying a kite. {Mr, Powell the string 
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to the card^ in the same way as the belly-band of a 
hite^ and then gives it to Harriet, who runs with 
the card^ which moves through the air very un^ 
steadily.) 

Robert. — Harriet’s kite wriggles about in all 
directions. 

Mr. P. — That is owing to the wind acting 
against it in different directions every instant, in 
consequence of the card not being kept sufficiently 
steady by the string to preserve it in the same in¬ 
clination as Harriet runs with it. Stop, Harriet; 
bring your kite to me, and I will make it fly more 
steadily. 

PIarriet. — {Coming bach with the card,) I 
wish you would, papa; for it is all in a whirligig 
at present. 

Mr. P. — I will bend the card ^ in the middle, 
lengthways, so as to resemble a kite when bent by 
the wind; and you will find that now the action 
of the air against the two surfaces as you run will 
steady the card. There, run, Harriet. 

Harriet. — (Running with the card^ which now 
moves steadily.) Look, Frederick, at my kite now^ 
it is flying almost as well as yours. 

Frederick. — It falls, though, when you stop, 
whilst mine has kept up all this time without my 
moving. 

Mr. P. — Yes, Harriet’s kite is too heavy for 
the size of it to remain in the air without the 
action of a very brisk wind. The running, and 
the force of the wind together, kept it up, though 
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when she stops it falls. But come, Frederick, 
pull in the string of your kite, and we will return 
home.. I have explained to you, I hope satisfac¬ 
torily, the principle on which the ascension of 
kites depends. There are, indeed, many pheno¬ 
mena connected with this subject that merit further 
attention; but they all depend upon, and may be 
explained by, the reflection of the wind from the 
inclined surface of the kite, occasioned by the re¬ 
sistance of the string. When your kite suddenly 
rises higher without your pulling the string, it is 
owing to an increased velocity of the wind increas¬ 
ing the reflecting force on the kite; when the kite 
is falling, the wind must have abated, or changed’ 
its direction. You may, upon the same principle, 
account for all the changes you may observe in 
the motion of the kite. 

Frederick. — The kite seems to be quite a 
philosophical instrument. 

Mr. P. — It is, indeed; and you may, when 
amusing yourself with it, be very philosophically 
employed in finding out the causes of its evolu¬ 
tions in the air. 
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Mr. P. — When we were at the sea-side, last 
summer, you must have noticed the ships and 
boats sailing in opposite directions at the same 
time, though the wind was blowing upon them all 
from the same point. Do any of you know by 
what means ships are made to sail against the 
wind ? 

Robert. — It is the rudder, by which the sailors 
turn the ships in the way they want them to go. 

Mr. P, — The rudder will do much : but it will 
not do all, Robert; and no ship could keep at all 
to the windward by means of the rudder alone. 
But can you tell us, Robert, how the rudder acts 
in altering the direction of a ship? 

Robert. — All I know is, that when the rudder 
is turned one way, the ship is turned the contrary 
way; and I suppose it is owing to the resistance 
of the water. 

Mr. P. — So far, so good; but we must pro¬ 
ceed a little further to be able to understand the 
cause of this elFect. 
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Harriet. —Yes, but, papa, you said the rudder 
alone would not make a ship sail against the wind: 
what is it, then, that does ? 

Mr. P. — It depends upon the position in 
which the sails are placed to receive the wind, 
aided by the action of the rudder; but as the 
effect of the latter is most obvious, I will first ex¬ 
plain its cause before I speak of the sails. Frede¬ 
rick, your little model of a steam boat will be of 
great use to us in illustrating the subject, there¬ 
fore fetch it, and we will all go to the pond and 
give it a trial. (Frederick brings the boat^ and 
Mr, Powell and his children repair to the pond,') 
Harriet. — I shall be glad to see Frederick’s 
little boat set to work; it looks so very pretty 
making its way through the water by itself. 

Mr. P. — It has, indeed, a very pleasing effect. 
The paddles are turned by a spring, similar to 
that of a watch. You perceive, now that I have 
wound it up, they turn round briskly. I will 
place the boat on the water, with the rudder at 
liberty, in the first instance, and it will cross over in 
a straight line towards the tree opposite, in which 
direction I will point the head. {Mr, Powell 
launches the boat on the water^ and the mrJcing 
of the paddles carries it directly across the pond,') » 
Harriet. — There it goes, pretty thing! 
straight across. 

Mr. P. — Bring it to me, Frederick, and I will 
next tie the rudder on one side, and we shall see 
its effect in changing the direction of the boat. 
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(Frederick fetches the boat^ and gives it to his 
fatha'^ who ties the rudder^ and then places it on the 
water in the same direction as before^ with the 
paddles working.) You observe that the boat, in¬ 
stead of going towards the tree opposite, is turning 
its head round to the same side as that on which 
the rudder is inclined, and it is coming back to 
this side of the pond. 

Robert. — I said that the rudder would turn 
the ship round. 

Mr. P. — You did so, Robert; and now that 
we have seen the effect, let us find out the cause. 
You, Robert, have given us your explanation, and 
attribute it to the resistance of the water. Are 
you, Frederick, prepared to tell us how the re¬ 
sistance of the water operates on the rudder, so^as 
to turn the boat ? 

Frederick. —Yes, father, I think I see how it 
is. As that side of the boat, towards which the 
rudder is turned, must meet with more resistance 
from the water than the other side, it cannot, in 
consequence, move so fast; therefore, the other 
side, which meets with no such obstruction, by 
moving quicker, must turn the boat round, in the 
same way that a carriage turns round when one 
horse trots faster than the other. 

Mr. P. — Very well explained, indeed, Frede¬ 
rick. I did intend to mention to you in what 
manner the water acts upon the rudder to cause 
its resistance; but your explanation will, perhaps, 
be sufficient for our present purpose, and we will 
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next proceed to hoist our sails. I will let the 
rudder continue tied, as in the last experiment; 
though I shall not now use the paddles, but trust 
only to the wind, which is blowing from east 
to west, along the pond. I will place the sails in 
an oblique position to the wind, and again launch 
the boat towards the tree, which is nearly north, 
therefore the wind blows across the vessel. {As 
the *wind strikes against the sails^ the boat begins to 
sail across the pondy and arrives on the opposite 
banky a little to the voestward of the tree,) 

Robert. — When put on the pond before, with 
the rudder tied in the same way and the paddles 
working, the boat went quite round towards the 
easj;; but look ! the wind has taken it right across, 
and rather to the west of the tree. 

Mr. P. — Well, Robert, you must now be con¬ 
vinced that it is not the rudder alone that alters 
the course of a ship, for you have seen the boat 
carried in opposite directions with the rudder 
fixed in the same place each time. 

Robert. — Yes, I see that the sails can alter 
the direction too. Can you explain to us, father, 
how this effect is produced by inclining the sails to 
the wind? 

Mr. P. — I will endeavour to do so, Robert, 
in such a way that, by paying a little attention, you 
may be able to understand the cause of ships sail- 
ing against the wind. This drawing will assist in 
making the subject more clear: a b represents the 
boat, b c the rudder, s s the sail, and e w the direc- 
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tion of the wind from east to west. The wind, in 

this position of the 
sail, strikes upon it in 
an oblique direction, 
and is reflected from 
it at an equally ob¬ 
lique angle, in the 
direction iv h. The 
reflected wind, there¬ 
fore, re-acts upon the 
sail, in the direction 
from b to w, with nearly equal force to that of 
the wind blowing from e to w. The vessel being 
thus acted upon at the same time by two nearly 
equal forces, (the one in the direction from e to te?, 
and the other in the direction from b to w,) is in¬ 
clined to take a course between the two, towards 6?, 
and it would be propelled in that direction were 
the head of the boat pointed towards it. The 
water, however, resists the motion of the boat in 
that course, so long as the head is kept pointed 
towards and it is obliged to proceed in the 
direction which offers least resistance to its pro¬ 
gress through the water; that is, with its head 
foremost. As the moving power is, however, ex¬ 
erted in the direction from to to d, the vessel 
will make some way in that direction, and the real 
course of the vessel will be w g. 

Robert. —■ But the boat must move sideways, 
then, if it go from w to g, whilst the head remains 
pointed towards w. 
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I Mr. P.—It does, indeed, move rather obliquely; 
but you must remember, that its natural course is 
the very oblique direction w and it is only owing 
to the resistance which the water offers to the boat 
moving sideways, that it does not take that course 
towards which it is impelled. As the resistance 
offered to the progress of the boat in an oblique 
direction gradually diminishes as the direction 
approaches nearer to that of the head of the boat, 
the extra resistance will, at a certain point, be over¬ 
come by the direction of the impelling power, and 
the vessel will sail in that course. 

Frederick.— Then I suppose that the greater 
the resistance of a boat in moving sideways, or 
obliquely, the Dearer it will be able to sail against 
the wind ? 

Mr. P. — You are right. The keel at the 
bottom of ships tends greatly to produce this effect, 
as it presents a direct resistance to *the motion of 
the vessel sideways. 

Robert. — How is it that the head of the ship 
does not turn from the wind, and so let the ship 
go in the course that offers least resistance ? 

Mr. P* — The rudder prevents it. The prin¬ 
cipal use of the rudder in sailing is to keep the 
head of the ship in its right course, that the sails 
may be properly adjusted to catch and reflect the 
wind, so as to propel the vessel forward. Were 
it not for the rudder, ships would be blown in 
the direction of the wind, and be incapable of 
guidance. 
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Robert. ^—Then it is the rudder, after all, 
that makes ships sail against the wind. 

Mr. P. — Ships could not sail against the wind 
without the aid of the rudder, but the rudder of 
itself would do nothing towards keeping the ship 
in its course, unless the Sails were properly placed. 
Suppose, for instance, that the sails of the ship, 
instead of being set as before, were placed in the 
contrary direction, across the vessel, as represented 
in this drawing, whilst the rudder remained in the 
same position; the wind blowing from e to w 

would be reflected to¬ 
wards r, and would re-act 
upon the sail in the di¬ 
rection from r to 'w. 
The sail being thus act¬ 
ed upon by two forces, 
one from e to w and the 
other from r to u?, the 
propelling power would be in a direction between 
both, that is from to •a?, and the vessel would 
move backwards, with the stern foremost, till it 
turned round so as to bring the sail s s in a line 
with the direction of the wind, when it could no 
longer take any effect upon the sail. 

Harriet. — You say, papa, that ships can sail 
against the wind; but I suppose they cannot sail 
directly against it? 

Mr. P, — No, my dear, not directly; for if the 
head of the ship were pointed directly against the 
■wind the ship would# be blown backwards. By 




240 


SAILING. 


sailing against the wind, I mean, sailing in a 
direction different from that in which the wind 
blows; as, for instance, sailing north when the 
wind is blowing from the east or west. When 
ships sail still nearer to the wind, they can make 
but little progress, as the wind must then strike 
the sails so obliquely as to have little effect upon 
them. 

Robert. — Of course a ship sails the fastest 
when the wind is blowing at its stern, for then the 
sails catch it all. 

Mr. P. — A vessel with only one sail might do 
so, but it is by no means the case in vessels with 
two or three masts; for when the wind blows at 
the stern, the sails in front become almost useless, 
because the wind is taken from them by the sails 
nearest the stern. Such a ship sails the quickest 
when it is just sufficiently inclined to the wind to 
admit of all the sails being acted upon at the same 
time. 

Frederick. — What do sailors mean by taclc-‘ 
ing P 

Mr. P. — When the wind blows too closely in 
the direction of a ship’s course to allow of its sailing 
towards that point, it is made to sail as near to the 
course as possible, and is then turned back to 
start from a fresh point. In this manner the ship 
would at length arrive, in a zig-zag direction, at 
the point of its destination. 

Harriet. — It must be very tiresome, to go 
backwards and forwards in fhat manner. 
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Robert. — Yes; when you have just got in 
sight of land, to be turned back, and taken out to 
sea again, must be very provoking. 

Mr. P. — Well, my children, I think I have 
now told you sufficient respecting the general 
principles of sailing, to enable you to understand 
why ships should sail different ways with the 
same wind. With Frederick’s little steam-boat 
you will be able to carry the principles of sailing 
into practice on a small scale; and you will always 
find that it is the ^position of the sails which causes 
the impelling power of the wind to vary its direction ,* 
that it is the rudder which keeps the head of the ship 
in its proper direction 5 and the resistance of the 
water to the motion of the vessel sideways^ that 
causes it to be propelled nearly in the course towards 
which the head is pointed. 
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Harriet. — What a delightful thing it must be 
to be able to fly, like the birds. Is it known, 
papa, how they are able to support themselves 
in the air ? 

Mr. P. — Yes, my dear: flying depends en* 
tirely upon the rapid action of the wings of birds 
upon the air. The muscles which move the 
wings of birds are exceedingly powerful; and 
when the wings strike against the air with great 
force, the resistance they meet with is sufficient 
to raise the bird from the ground. 

Frederick. —What force would be sufficient 
to raise them ? 

Mr. P. — A power rather greater than the 
weight of their bodies. You may conceive that if 
a bird be able to lift its body by the strength of 
its wings, when resting them upon a firm support, 
a sufficient purchase^ or hold, upon the air would 
only be requisite to enable the wings to raise it 
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from the ground. This purchase birds obtain by 
the rapid motion of their wings. 

Robert. — But all birds do not move their 
wings equally quick; and the larger birds seem 
to move their wings more slowly than the little 
ones. 

Mr. P. — Yes, they do; but the wings of large 
birds are proportionably larger, and therefore 
take much more hold upon the air, and move 
through a greater space at each stroke. 

Harriet. —But some birds seem to fly with¬ 
out moving their wings at all. I cannot under¬ 
stand that. 

Mr. P. — It is only the birds with large wings 
that can do so; and their apparently horizontal 
motion through the air depends upon the same 
principle as that of the sailing of ships against the 
wind. When the bird expands its wings and is 
motionless, its weight tends to bring it down per¬ 
pendicularly to the earth; but the expanded wings 
and tail presenting great resistance to the air in 
that direction, the bird moves in the course which 
offers least resistance, viz. in that towards which 
its head is turned ; and it comes gradually to the 
earth in a very oblique course. In the same 
manner I explained to you the cause of a ship 
sailing in the direction towards which the head 
is pointed. Birds often seem, indeed, to move 
quite horizontally whilst their wings are motion¬ 
less ; but this appearance is owing to our not 
being able to see, from below, the exact course 
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of their flight. Their progress through the air, in 
such cases, depends entirely upon their gravitating 
force ; that is, upon the power with which they are 
drawn towards^the earth. 

Robert. — But I have seen birds, after darting 
downwards for some time, rise in the air again 
without moving their wings. 

Mr. P. — You are determined, Robert, to puzzle 
me, if you can; but, perhaps, I shall puzzle you 
when I tell you, that the rising in the air you have 
noticed, depends upon the force with which the 
bird falls downwards. 

Harriet. — Well, papa, that is a puzzle in¬ 
deed ! What do you think now, Robert ? Will 
you give it up ? 

Robert. — Yes; I think any body will find it 
a hard matter to make that out. 

Mr. P. — I think a very satisfactory clue to the 
puzzle will be discovered, when I mention the 
Russian slides. 

Frederick. — Yes, I remember; the force that 
sent the carriages down one hill carried them up 
another. Then, is it in the same way that the 
force which the bird gains in falling down sends 
it up again ? 

Mr. P. — You have guessed right, Frederick. 

Robert. — In the Russian slides there was 
a hill made on purpose for the carriage to slide 
up; but the bird has nothing to support itself 
upon. 

Mr. P. —You forget the air, Robert. 
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Harriet. — But still, papa, I am puzzled to 
think what can make the bird alter its course, and 
suddenly rise, if it does not move its wings. 

Mr. P. — The principal cause of the change in 
the direction of its flight is produced by the tail, 
which acts as the rudder of a ship in varying the 
course of the bird up and down. Some scientific 
men, I am aware, consider it to be a vulgar error 
to suppose that the tail of a bird acts as a rudder 
in changing its course; but the vulgar opinion is 
nevertheless correct. It is true, the tail can have 
little influence in directing the horizontal motion ; 
but, in^ ascending and descending, it is of the 
greatest utility. 

Frederick. — In what way does a bird move 
its tail to make it rise ? 

Mr. P. — We will suppose a bird to be de¬ 
scending rapidly, at an angle of 25® to the 
horizon, and to have acquired the force it would 
have done in descending from a Russian slide of 
the same inclination. When it arrives at the 
bottom of the intended descent (during which the 
tail has been nearly in a line with the body), the 
bird points its head upwards, spreads out its tail, 
and raises it. The elevated tail presents consider¬ 
able resistance to the air, and the body of the bird 
is thereby pointed upwards, in the same manner 
as a ship is turned by the rudder. The direction 
in which the bird’s body is then pointed being 
that which offers least resistance to its progress, it 
continues in an upward course so long as the im- 
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pel ling power (gained in the previous descent) 
overcomes the gravitating force, which tends to 
draw the bird to the earth. 

Frederick. — Then, I suppose, when a bird 
wants to descend, it inclines its tail downwards. 

Mr. P. — Yes; that motion of the tail would 
bring its head in a direction more perpendicular 
to the earth, and it would therefore descend the 
faster. 

Robert. — If the tail directs birds only in 
ascending and descending, what is it that gives 
them their direction sideways ? 

Mr. P. — Their wings produce the alteration 
in their horizontal course. On turning to the left, 
a bird has only to move its head in that direction, 
at the same time striking more forcibly with its 
right v/ing, and the object will be accomplished : 
on turning to the right, the motions of the head 
and wing must be reversed. 

Frederick. — Just in the same way, I suppose, 
that we turn a boat, by pulling with one oar 
harder than with another. 

Mr. P. — Exactly the same. 

Robert. — If the air offer so much resistance 
to the descent of birds, when their wings are 
spread out, I should suppose that when they are 
once risen in the air, they can keep themselves 
there with very little labour. 

Mr. P. — Yes, my dear; when they are risen 
as high as they wish, very little exertion is re¬ 
quired to sustain their bodies at that height. 
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When flying rapidly in a horizontal course, the 
lateral resistance of the air, and its reflection from 
their bodies, must be more than sufficient to sup¬ 
port them. The whole of their strength may then 
be exerted horizontally. 

Frederick. — Does the resistance of the air, 
as birds move through it horizontally, help to 
keep them up ? 

Mr. P. — Yes. The effect produced by their 
motion through the air is similar to that of the 
wind blowing against them. I have shown you 
that, in the case of ships and kites, when the wind 
strikes against the inclined sails, or paper, it is re¬ 
flected at an equal angle, and re-acts against the 
sails or kite in an opposite direction. Supposing 


this curved line, a 
therefore, to represent 
the breast of a bird 
flying horizontally 
through the air, w e 
would be the direction 



'h of the air’s resistance, 
against which the 
point e is impelled. 


Asp ^ is perpendicular to the curve at the point 
the air would be reflected at an equal angle on the 
opposite side of it, that is, in the direction eJc; and 
the point e would be acted upon by two forces, — 
one in the direction from w to and the other 
from k to e. The real direction, from the composi¬ 
tion of the two forces, therefore, would be the 
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mean between the two, or from p to e. The same 
would be the case in all other parts of the curva¬ 
ture of the breast of the bird. Thus, you perceive, 
if the bird moved in the direction from e to ix?, it 
would receive an impulse upwards from the resist¬ 
ing force in front, as well as be supported by the 
resistance of the air beneath. If the motion were 
very rapid, birds would actually be raised in the 
air by the exertion of their strength in moving 
horizontally; as the impulse of the reflected air 
upwards would then be so great as to overcome 
the force of gravity, by which they are drawn 
towards the earth. 

Frederick. — Is it owing to this cause that the 
birds called kites keep themselves stationary in the 
air, without seeming to move their wings ? 

Mr. P. — The power which kites possess of 
soarings as it is termed, in the air, depends entirely 
upon the slanting position in which they can place 
their bodies and their wings to meet the wind. 
They are supported, indeed, in exactly the same 
manner as the paper kite, which derives its name, 
at least, if not its invention, from these birds. 

Robert. —But the reflection of the wind against 
the paper kite, father, you said was occasioned by 
the resistance of the string; and as the bird is not 
tied to any thing, how can it offer sufficient resist¬ 
ance to produce the reflection of the wind ? 

Mr. P. — That is a very proper question, Ro¬ 
bert ; and I will endeavour to make you under¬ 
stand how the reflection is produced without the 
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string, or the motion of the bird. In this case, as 
in that of the bird ascending by the velocity gained 
in its descent, the weight of the kite, or the force 
with which it is drawn to the ground, supports it 
in the air. 

Harriet. — How very odd ! What, papa, is 
the same thing that is pulling the bird towards the 
ground, the cause of its being kept in the air ? 

Mr. P. — Indeed it is so, strange as it may 
sound. I will show you how this effect is pro¬ 
duced. Suppose a h c io represent the breast, 

tail, and wing of 
a kite soaring in 
the air in an 
oblique position. 
If the bird be 
a large one, it 
will weigh four 
pounds, and will, 
therefore, be 
drawn towards the earth, in the perpendicular 
direction e with a force equal to four pounds. 
The wind, blowing in the direction and striking 
upon the oblique surface of the bird, is reflected 
towards e r ; the reaction is, consequently, from 
r to c, and the real direction resulting from the 
composition of the two forces is from d to e. Now, 
supposing the actual force of the wind acting upon 
the whole inclining surface of the bird from d to e, 
(and tending to carry it towards g), to be eight 
pounds; the bird would then be acted upon by 
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the gravitating force e with half the power 
(viz. four pounds) by which it would be impelled 
towards and the actual motion of the bird would 
be in the direction e which is the diagonal of 
the parellelogram eg hp^ the two sides of which, 
e g and e p^ represent the directions and com¬ 
parative power of the two contending forces. 

Frederick. — Then the weight of the bird acts 
in the same manner as the string of the paper kite, 
in producing a reflecting power ? 

Mr. P. — It does so; but as the weight of the 
bird is so considerable, it can only be sustained in 
the air in this manner during a brisk wind. Of 
course, the greater the force of the wind, the greater 
will be its power of supporting and raising the 
kite. 

Robert. — Kites do not remain stationary in 
the air, I suppose, at any time, when they are 
soaring ? 

Mr. P. — No; they will be always carried in 
the direction of the wind, though their weight, 
which acts as a string pulling them towards the 
ground, prevents them from being blown away 
rapidly, like the clouds. 

Harriet. — I wish, papa, some one would 
take an idea from the birds, to construct a machine 
that would make us fly too. 

Mr. P. — The attempt has been often made, 
but without success. The weight of the human 
body is so great, that we have scarcely strength 
enough in our arms to raise ourselves, even when 
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taking hold of unyielding substances; and all 
attempts to get a purchase, or hold, upon the air, 
strong enough to raise the body froili the ground^ 
have hitherto failed. The most successful attempt 
at flying that I have heard of was that of an in¬ 
genious baronet in Yorkshire, who contrived wings 
by which he could fly from tree to tree. 

Harriet. — How did he do that, papa ? I 
should like above all things to see him flying. 

Mr. P.— He proceeded upon the principle of 
obtaining a horizontal motion by downward pres¬ 
sure, in the same manner as birds do when they 
fly through the air without moving their wings. 
He constructed wings, which he attached to his 
body; and having ascended to the top of a tree, he 
then launched himself into the air. The wings 
immediately expanded, as he began to descend, 
and presented such an extended surface to the 
resistance of the air as to cause a very gradual 
descent; and, by inclining one of the wings to the 
ground, the flying baronet was enabled to give 
to his fall an oblique direction, so as to arrive at 
the bottom of another tree at some distance. Thus 
he may literally be said to have flown from tree to 
tree. 

Frederick. — Do you consider it impossible, 
father, for any machine to be invented to enable 
us to fly ? 

Mr. P. — Not absolutely impossible; for if an 
apparatus could be contrived in which the muscles 
of the legs, as well as of the arms, could be made to 
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act with advantage against the air, and at the same 
time the descent were retarded by the expansion of 
an extensive surface, I can suppose it very possible 
for a man to support himself, and move through 
the air, provided he commenced his aerial excur¬ 
sion from a considerable height. The most pro¬ 
bable means, however, by which man can hope to 
traverse the air at will, is by the aid of steam 
engines. 

Harriet. — Steam engines, papa! What, fly 
with those heavy things ? 

Mr. P. — It is possible for steam engines to be 
made not heavier than a man, yet possessing more 
than ten times the power of one. If a proper 
apparatus could be invented to be worked against 
the air by such an engine, the attempt to fly, 
hitherto so unsuccessfully made, might indeed be 
carried into effect. 

Harriet. — I wish it could. I do so envy the 
birds on that account. 

Robert. — What prevents people from using 
balloons to sail with through the air ? 

Mr. P. — Because no effectual plan has been 
discovered of guiding them. They move always 
in the direction of the wind; and though, I believe, 
aeronauts have succeeded, by the use of large 
wings, in altering their course in some small 
degree, yet no material deviation from the course 
of the wind can be expected to be accomplished. 

Robert. — Why cannot they use sails and a 
rudder, as on board a ship ? 
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Mr. P. — You must remember, Robert, that 
the principal cause of a ship deviating from the 
wind is the resistance which the water offers to its 
motion sideways, and that the rudder acts only 
when it meets a resisting force. Balloons, on the 
contrary, meet with no resisting force against 
which a rudder could act with any effect, since 
they move nearly as fast as the wind. The only 
resisting power that could be turned to account 
in guiding balloons is the resistance of the air to 
their ascent; and that would have scarcely any 
effect against the wind. 

Harriet. — If you could invent a sailing'bal¬ 
loon or a flying machine, papa, I might go to 
school to-morrow flying smoothly through the air, 
instead of jolting along the road in a carriage till 
I am almost tired to death; and how it would 
astonish them all at school! 

Robert. — You will astonish them enough, 
Harriet, if you only tell them some of the things 
we have learnt since we came home. — I wonder 
what my schoolfellows will say when I tell them 
they cannot see my black hat. 

Harriet. — And mine, when I tell them that 
fanning makes the air hotter. 

Robert. — I shall have plenty of things to 
puzzle them with. — I shall tell them that cold 
iron is as hot as wool — that the wind is not cold— 
that snow is very hot — that coals do not burn — 
that burning is not destroying — that fire is hidden 
in cold water — that darkness is light—that water 
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may boil by^being cooled-r-that white is not white, 
and that black cannot be seen — that nothing is 
of a natural size — that a mite seen as large as a 
crab is not magnified — that birds rise in the air 
by being pulled down to the earth — that- 

Harriet. —Do not forget to tell them, Robert, 
that you cannot distinguish hot from cold — ha, 
ha, ha! 

Robert. — You will never have done with that, 
Harriet. 

Harriet. —Yes, I will — till we meet again at 
midsummer. 

Mr. P. — I hope you will all, in the mean time, 
often think upon the subjects of our conversations. 
The knowledge you have gained will, I trust, be of 
use in enabling ypu to explain many other phe¬ 
nomena than those I have more particularly men¬ 
tioned; and should any natural occurrences present 
themselves that you cannot understand, I wish you 
would note them down, and when we again meet, 
I may, perhaps, be able to throw some light upon 
the matter. 

Frederick. — Thank you, father, for the very 
interesting information you have already given us. 
It has made me wish to know a great deal more 
on these subjects, and I shall be quite delighted to 
continue our conversations at midsummer. 

the end. 
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